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Attention: Tami Eide, Pharm.D.

3232 Elder Street

Boise, Idaho 83705

Dear Dr. Eide:

Thank you for your unsolicited request for updated clinical information on Creon®. Please find enclosed
updated clinical information for the product being reviewed, per your direction found on the website
(hitp:/fheaithandwelfare.idaho.gov/Medical/PrescriptionDrugs/PTCommittee/tabid/207/Default. aspx), for
consideration as part of the upcoming State of Idaho P&T Committee Drug Review Meeting fo be held

April 15, 2011.
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last review,” piease permit this correspondence to also serve as a request to provide oral presentation
based on the clinical updates provided,

Please understand that this information is intended to provide only a clinical update of Creon®. if you
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Pancrelipase Delayed-Release Capsules (CREON)
for Exocrine Pancreatic Insufficiency due to Chronic
Pancreatitis or Pancreatic Surgery: A Double-Blind
Randomized Trial

David C. Whitcomb, MD, PhD!, Glen A. Lehman, MD?, Galina Vasiieva, MD?, twa Malecka-Panas, MD, PhiD?,
Matalya Gubergrits, MD, PhD, DSc?, Yannan Shen, MSS, Suntje Sander-Struckmeier, PhD’ and Steven Caras, MD, PhBe

OBRJECTIVES:  Pancreatic-enzyme replacement therapy (PERT) is the standard of care to prevent maldigestion,
malnutrition, and excessive weight loss in patients with exocrine pancreatic insufficiency (EPI) due
to chronic pancreatitis (CP) or pancreatic surgery (PS). Out objective was to assess the efficacy and
safety of a new formulation of pancrelipase {pancreatin) delayed-release 12,000-lipase unit capsules
(CREON) in patients with EP1 due to CP or PS.

METHODS: This was a double-blind, randomized, multicountry, placebo-controlled, parallel-group triat enrolling
patients =18 years old with confirmed EPI due to CP or PS conducted in clinical research centers or
hospitals. After a 5-day placebo run-in period (baseline), patients were randomized to pancrelipase
(72,000 lipase units per meal; 36,000 per snack) or placebo for 7 days. All patients received an
individually designed diet to provide at |east 100g of fat per day. The primary efficacy measure was
the change in coefficient of fat absorption (CFA) from baseline to end of the double-blind period,
analyzed using non-parametric analysis of covariance. Secondary outcomes included the coefficient
of nitrogen absorption (CNA), clinical symptoms, and safety parameters.

RESULTS: In total, 25 patients (median age of 54 years, 76% male) received pancrelipase and 29 patients
{median age of 50 years, 69% male) received placebo. The means.d. change from baseline in CFA
was significantly greater with pancrelipase vs. placebo: 32.1::18.5% vs. 8.8 12.5% (P<0.0001).
Similarly, the meanzs.d. change from baseline in CNA was greater for pancrelipase vs. placebo:
97.782.3% vs. 24.4+101.0% (P=0.0013). Greater improvements from baseline in stool frequency,
stool consistency, abdominal pain, and flatulence were obsetved with pancrelipase vs. placebo.
Treatment-emergent adverse events (TEAES) were reported in five patients (20.0%} in the pancrelipase
group and in six (20.7%) in the placebo group; the most common were gastrointestinal (G1) events
and metabolism/nutrition disorders, There were no treatment discontinuations due to TEAES,

CONCLUSIONS: Pancrelipase delayed-release 12,000-lipase unit capsules were effective in treating fat and nitrogen
maldigestion with a TEAE rate similar to that of placebo in patients with EP! due to CP or PS.

Am J Gastroenterol advance online publication, 25 May 2010; doi:10.1038/2jg.2010.201

INTRODUCTION pro-enzymes and delivering them to the proximal small intes-
A primary function of the exocrine pancreas is to facilitate  tine to mix with chyme as it exits the stomach (1). Exocrine
digestion of complex nutrients by synthesizing pancreatic lipase, pancreatic insufficiency (EPI) describes deficiency or ahsence
pancreatic amylase, a variety of proteolytic zymogens, and other of digestive enzymes leading to maldigestion of food and
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consequently malabsorption of nutrients. EPT occurs with
acinar-cell dysfunction or destruction or blockage of the con-
nection between the duct system and the intestine. Loss of pan-
creatic mass through surgical resection for benign or malignant
diseases of the pancreas is also a common cause of EPI {2-4).

The most commen cause of EPI in adults is chronic pancreatitis
(CP), an inflammatory syndrome characterized by progressive
and irreversible destruction of the pancreas (5,6). The clinical
course of CP is highly variable and unpredictable, reflecting
a complex interaction of multiple factors {7,8). This variability
requires individualized treatment for patients as complications
of CP arise or as glandular function deteriorates. Removal of the
contributing factors (e.g. alcohol, smoking, and control of ele-
vated triglyceride levels) may limit disease progression, although
reversal and regeneration of the destroyed pancreas is not known
to occur, Owing to the progressive nature of CP and the complex-
ity of the symptomatology, the onset of EPI may be insidious,
especially if the diet is variable or the patient has confounding
factors such as alcoholism. Severe symptoms or complications
may require surgical resection of the pancreas (including total
pancreatectomy with islet-cell auto-transplantation), which fur-
ther diminishes the capacity of the gland to produce digestive
enzymes and worsens the EPL

Pancreatic cancer, intraductal papiltary mucinous neoplasm,
mucinous cystic lesions with premalignant characteristics, and
benign tumors of the pancreas are also major pancreatic diseases
that may lead to EPL The EPI may initially be caused by blockage
of the pancreatic duct and may become irreversible with pancre-
atic surgery {PS), ranging from local resection to total pancreate-
ctoray (2,9). For these conditions, the risk for EPI depends on the
type and extent of surgery {2,4,10).

Less common conditions that result in EPI are also important.
The majority of individuals with cystic fibrosis are affected by
EPI (11). Traumatic injury to the pancreas and acute necrotizing
pancreatitis may also result in EPI (12). Finally, failure of the aci-
nar cells to produce digestive enzymes can occur in conditions
that include Shwachman-Diamend syndrome, celiac disease,
and inflammatory bowel disease, which also result in varjable
EPI (4).

'The predominant symptoms of EPi-associated maldigestion
include malnutrition, steatorrhea, diarrhea, abdominal pain, and
weight loss (13). These clinical symptoms, and specifically steator-
rhea, occur when pancreatic enzyme output falls below 10% of the
normal levels (4,14,15), although this has been questioned by some
investigators (16). Furthermore, clinically relevant maldigestion
may occur earlier than the appearance of overt symptoms (17);
there may be significant maldigestion and protein malnutrition in
patients without the classic clinical sign of steatorrhea, which can
be detected by more sensitive function testing and measurement
of serum markers of nutrition (13,18). Protein/nitrogen absorp-
tion is not as well characterized as fat absorption in CP; however,
improvement in protein absorption is expected to have nutritional
benefits in patients with CP or after PS (10,18).

Effective management of EP is necessary Lo prevent malnutri-
tion and its long-term effects on health and to relieve symptoms

The American Journal of GASTROENTEROLOGY

that adversely affect patient’s quality of life. The standard of care
for treating maldigestion due to EP1 regardless of etiology is pan-
creatic-enzyme replacement therapy (PERT). PERT is considered
to be effective, safe, and well tolerated for EPL on the basis of a
limited number of clinical trials in patients with CP, after PS, and
in cystic fibrosis, and on extensive clinical experience (10,19-25).
1n addition to the treatment of maldigestion, PERT may also be
useful in reducing pain in some patients with CB particularly
those with less advanced disease, although conflicting outcomes
have been observed in controlted clinical trials, with some achiev-
ing pain relief with PERT and others not {5,26). In 2004, the United
States Food and Drug Administration {(FDA) released a mandate
requiring new drug applications to be approved for all PERT prod-
ucts to ensure consistent quality, efficacy, and safety (27).

The current study was conducted to show superior efficacy of
a new formulation of pancrelipase (pancreatin) delayed-release
12,000-lipase unit capsules (CREON, Solvay Pharmaceuticals
Inc., Marietta, GA) over placebo in improving fat absorption
in patients with EPI due to CP or P§; protein absorption, over-
all symptoms of maldigestion, safety, and tolerability were also
assessed. This formulation was recently approved by the FDA
for EPI and complies with the FDA mandate requirement for all
PERT products to have lipase activity at 100% of the label claim.
In addition, minor changes to the inactive ingredients of the cap-
sule and the enteric coating were made in response to general
FDA and European Union directives. The new formulation was
shown to be safe and effective in treating EPT due to cystic fibrosis
in patients 27 years of age when administered as 12,000- or
24,000-lipase unit capsules (28,29).

METHODS

Protocol

This double-blind, randomized, placebo-controlled, two-arm,
parallel-group trial was designed to test the efficacy and safety
of pancrelipase delayed-release capsules (clinicaltrials.gov reg-
istration number NCT00414908). The study was conducted in
Bulgaria, Poland, Russia, Serbia, Ukraine, and the United States
of America; 46 centers participated in the screening phase and
97 centers randomized patients to treatment. Data from an
open label, long-term extension phase focusing on safety will be
reported separately.

This study was conducted in compliance with applicable
national regulations and with Good Clinical Practice, an inter-
national ethical and scientific quality standard for designing,
conducting, recording, and reporting studies which involve the
participation of human patients that is consistent with the ethical
principles originating in the Declaration of Helsinki. The proto-
col, including all substantial protocol amendments, was approved
by the Institutional Review Board/Independent Ethics Committee
(IRB/IEC) at each site and written approval was obtained from the
IRB/IEC before the study was implemented. Al patients provided
written informed consent before any study-related procedures
were performed using an IRB/IEC-approved informed consent
form. Written reports of the clinical study status were submitted
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by the investigator or sponsor to the IRB/IEC annually, or more

frequently if requested, with the final study notification provided
to the IRBAEC within 90 days of study completion. Appropriate

training and securily measures were completed with the investi-
gator and all authorized study-site personnel before the study was
initiated and before any data were entered into the system for any
study patients.

Patients

Patients 218 years of age who had provided written informed
consent were eligible if they had confirmed CP or total or partial
pancreatectomy > 180 days before enroliment, and confirmed
EPL CP was to be proven {in medical history) radiographically
or histologically by at least one of the following criteria: lmag-
ing techniques (ultrasound, computed tomography, magnetic
resonance imaging, or endoscopic ultrasound); endoscopic ret-
rograde cholangiopancreatography; plain film of the abdomen
with pancreatic calcification; or histology.

EPI had to be proven by direct pancreatic function testing,
e.g., abnormal-secretin test, or fecal elastase <100pg/g, or fecal
fat > 15g/day (according to 72-h fecal fat test), or total pancrea-
tectomy documented in medical history, A fecal fat threshold
of »15g/day characterized patients with severe EPI who had a

high probability of meeting the interim inclusion criteria and thus”

would be eligible for randomization to the double-blind phase. If
medical records for a patient did not include documentation of the
above, a fecal-elastase test was performed during screening to con-
firm subject eligibility (fecal elastase <1001g/g required). Wormen
with child-bearing potential were required to agree to use adequate
birth control throughout the study and for 30 days after the last
dose of study drug.

Fxclusion criteria included severe medical conditions that
might limit participation in or completion of the study, or recent
(as per investigator’s judgment) major surgery with the excep-
tion of appendectomy, PS for CP, abdominal surgery due to the
underlying pancreatic disease that necessitated the surgery {e.g.,
pancreatectomy with additional abdominal surgery), or gall
bladder removal, Also excluded were patients with ileus or acute
abdomen, any type of malignancy in the digestive tract other than
pancreatic cancer in the past 5 years, any type of malignancy not
in remission, HIV, celiac disease, Crohn’s disease, presence ofa
pancreatic pseudocyst 2d.cm, continued excessive intake of alco-
hol or drug abuse, known allergy to pancrelipase (pancreatin) or
the inactive ingredients of pancrelipase delayed-release capsules,
or exposure to an experimental drug within 4 weeks of the start
of the study.

Concomitant medications influencing duodendal pH (e.g.,
H2-receptor antagonists, antacids, sucralfate, proton pump
inhibitors, prostaglandins, anti-cholinergic agents, or somatosta-
tin), gastric emptying {e.g. metoclopramide, cisapride, or eryth-
romycin), and bile secretion (e.g. bile acids, cholecystokinin
antagonists) were permitted during the study provided they were
administered at a stable dose. Any medications that could inter-
fere with the study medication, such as other pancreatic enzyme
preparations or antidiarrheals, were prohibited.

© 2010 by the American College of Gasircenterclogy
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Assignment to treatment

This study comprised a single-blind placebo run-in period fol-
lowed by a double-blind randomized period, after which eligible
patients could enter a 6-month open-label extension phase
(open-label data to be reported separately).

During both the run-in and randomized periods, all patients
were actively monitored and treated in a strictly controlled in-
patient setting such as a clinical research unit, clinic facility, or
hospital. Site personnel monitored compliance with stady proce-
dures including dietary and stool collection requirements.

Patient enrollment was carried out by the Investigators. The
study design is shown in Figure 1. Following a pre-study screening
assessment to confirm eligibility, patients entered a 5-day single-
blind placebo run-in perfod (baseline), and received 24 placebo
capsules orally per day consisting of six capsules per main meal
(three meals daily} and three capsules per snack (two snacks daily).
Following the single-blind placebo run-in period, patients were
discharged from study centers for up to 16 days while their eligi-
bility for randomization to the double-blind phase was assessed.
During this time there were no restrictions regarding pancreatic
supplementation therapy. Therefore patients could take their usnal
PERT and continue with their normal home diet. Patients who
satisfied the following eligibility criteria were randomized to dou-
ble-blind treatment with either pancrelipase or placebo: compli-
ant with study procedures including diaries and stoo! collections,
total stool fat content of >40g, and coefficient of fat absorption
(CFA) <80% during the run-in period. Patients eligible to enter the
double-blind phase were randomized 1:1 to pancrelipase delayed-
release capsules or placebo for 7 days, taken orally. Randomization
was carried out centrally by telephone by the pharmaceutical sup-
plies department of Solvay Pharmacenticals, B.Y. using blocks of
pre-specified size and stratified by site, Patients in the pancrelipase
group received 72,000 lipase units per main meal (six 12,000-lipase
unit capsules) and 36,000 lipase units per snack (three 12,000-lipase
unit capsules), to be taken during meals. Patients in the placebo group
received placebo capsules as per the run-in period.

Masking

Study medication for the run-in and double-blind randomized
periods was packaged in aluminum blister packs containing the
required dose per meal or snack and packaged together as a daily
supply. All study medication was provided in identical packaging
with the same labeling, and the study drug and placebo capsule
appearance was Identical, to maintain blinding.

Efficacy assessments
Food consumed by each subject was planned in advance by the
site dietitian in consultation with the subject to ensure consump-
tion of at least 80g of fat each day. To maintain this minimum
level of intake on each day during both periods, the dietitian
designed a daily diet containing at least 100 g of fat, All foed dur-
ing both treatment periods was provided to the subject by center
personnel and compliance was determined daily.

A 72-h stool collection was carried out during the run-in period
and at the end of the double-blind period to allow measurement

The American Journal of GASTROENTEROLOGY
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Figure 1. Study design for the () placebo run-in and (b} double-blind, randorsized phase. CRU, clinical research unif; Gl, gastrointestinal; PERT,

pancreatic-enzyme replacement therapy.

of stool fat and stool nitrogen (Figure 1). To ensure accurate col-
lection of stools, after entering the research unit, patients took
one dose of blue food dye (500 mg FD&C Blue #2 indigo carmine,
Brenntag GmbH, Miilheim an der Ruhr, Germany; Roha-Caleb
UK Ltd, Caldicot, UK} to mdrk the beginning of each stool col-
lection period {on day 1 of the run-in period; day 3 of the ran-
domized peried) and then a second dose 72h later to mark the
end of each stool collection period (on day 4 of the run-in period;
day 6 of the randomized period). Compliance with stool coltection
requirements was monitored and recorded daily in the patients’
gastrointestinal {GI) diaries by site personnel. Patients kept a daily
GI symptom diary during the run-in and randomized periods and
a dietary diary during both 72-h stool collection periods, beginning
and ending with administration of the blue food dye; completion of
the diaries was monitored by site personnel. Patients were released
after passing the second blue-stool marker. At the discretion of
the investigator, patients were allowed to return home or to a local
hotel in the evening after their last meal with detailed instructions
regarding food consumption and stoot collection.

The primary outcome measure was the change in CFA from
baseline to the end of the double-blind treatment period. The CFA
was calculated from the fat intake and excretion according to the
following equation:

CFA (%) = 100 ((fat intake (g) - fat excretion {g))/fat intake (g))

The American Journal of GASTROENTEROLOGY

Stool fat and stool nitrogen were measured in a central laboratory
according to the methods of van de Kamer (30,31} and Kjeldahl
{32), respectively. Total daily fat intake and protein intake were
determined from each subject’s dietary diary for the 72-h stool col-
lection period by a registered dietitian from the investigative site.

Secondary efficacy outcomes included the coefficient of nitro-
gen absorption (CNA), stool fat, stool nitrogen, and clinical symp-
tomatology. The CNA was calculated according to the following
equation:

CNA (%)=100 {(nitrogen intake (g)—nitrogen excretion (g)}/
nitrogen intake (g))

Clinical symptomatotogy was assessed by the investigator by asking
patients to provide information regarding stool frequency (number
of stools per day), average stool consistency (0=hard, 1=formed/
normal, 2=solt, 3= watery), average flatulence (0= none, 1=mild,
2=moderate, 3=severe), and average abdominal pain (0=none,
1 =mild, 2=moderate, 3 =severe).

Safety evaiuation

Safety measures included physical examination, assessment of vital
signs, and safety laboratory values (hematology, biochemistry, and
urinalysis), and recording of adverse events (ABs) according to the
Medical Dictionary for Regulatory Activities version 8.1. AEs were

www.amjgaskro.com




considered treatment-emergent adverse events (TEAEs) if they
had started during treatment, or if pre-existing AEs had worsened
during treatment.

In accordance with the Furopean Union Clinical Trial Direc-
tive, the study sponsor was to inform all participating IRB/IECs
and national authorities of all serlous AEs, serious adverse drug
reactions, suspected and unexpected serious adverse drug reac-
tions, or other safety-related information that occurred during the
clinical study.

Statistics .

Sample size was determined based on the primary efficacy end
point {change from bageline in CFA). Using a two-sided t-testata
significance level of 0.05 and assuming an s.d. of 14%, 23 patients
were required in each treatment group to detect a difference of
14% between pancrelipase and placebo at 90% statistical power.
All efficacy analyses were performed on the full analysis sample,
which included all patients who had at least one dose of study
medication and for whom at least one post-baseline eflicacy meas-
urement was available, Safety analyses included all patients having
at least one dose of study medication. Al efficacy and safety vari-
ables for the double-blind period were summarized by standard
descriptive methods.

The protocol required at least 66% of stool samples to be col-
lected during the randomized period for inclusion in the analysis;
if stool collection was less than 66%, the sample was considered
invalid and was not analyzed. For the primary outcome measure,
if missing stool samples occurred, fat excretion was imputed using
individual subject fat-excretion values from the placebo run-in
period provided that stool collection was at least 66%. The change
from baseline in CFA and CNA was compared between treatment

pancrelipase in CP and After Pancreatic Surgery

groups on the basis of a nonparametric analysis of covariance
model including an effect for treatment and with the correspond-
ing baseline value as a covariate {necessary assumptions were not
met for parametric analysis of covariance). Three supporting anal-
yses of CFA data were also carried out to assess the impact of (i)
analysis of CFA data without imputed values, {ii) analysis of data
from patients with 100% stool collection compliance in the rand-
omized period, and (iii) per-protocol analysis excluding patients
with protocol deviations.

For stool fat, stool nitrogen, and stool frequency, treatment
comparisons were made on the basis of a parametric analysis of
covariance model including an effect for treatment and with the
corresponding baseline value as a covariate. For clinical symp-
tomatology, P-values for treatment-group comparisons at each
study visit were based on the -test; if cell sizes were too small,
then P-values from Fisher’s exact test were presented.

RESULTS

Participant flow and follow-up

In total, 180 patients provided consent, 179 entered the run-in
period, and 54 were randomized (25 pancrelipase, 29 placebo)
between 4 April 2007 and 18 August 2008. Overall, 52 patients
completed the I-week double-blind period (Figure 2). Patients
completing the double-blind phase entered an open-label exten-
sion phase (data to be reported separately). A high proportion of
patients were ineligible for the double-blind phase as they did not
imeet the strict interim inclusion criteria requirements for severe
EPI of CEA <80% and/or stool fat excretion 240g, Demographic
characteristics were similar across the two treatment groups, as
shown in Table 1, The proportion of patients with more severe
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Figure 2. Patient disposition.
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EPI (CEA <50%) was similar across the two treatment groups.
However, the pancrelipase group contained a greater proportion
of PS patients (36.0%) compared with the placebo group (17.2%).
Only one patient had undergone PS for pancreatic malignancy;

other cases of PSwete due to CP. All patients were receiving PERT

before the study-entry.

Mean treatment compliance (safety sample} in the pancreli-
pase and placebo groups was 96.4% and 95.5%, respectively, in
the run-in period and 93.0% and 93.1%, respectively, during the
randomized period. _

‘lhe number of patients with protocol deviations was five in
the pancrelipase group (one exclusion criteria (baseline CFA
>80%) and stool collection, two stool collection, and two treat-
ment compliance) and eight in the placebo group {one con-
comitant medication, four stool collection, and three treatment
compliance}.

During the double-blind phase, 9 patients {3645) in the pancreli-
pase group and 8 patients (28%] in the placebo group were taking
proton pump inhibitors or H2-receptor antagonists at stable doses.
No patients were taking octreotide,

The American Journal of GASTROENTEROLOGY
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Analysis of efficacy

The change from baseline in CFA was significantly greater with
pancrelipase vs. placebo. The mean+s.d. change from baseline
CFA values was 32.1218.5% for pancrelipase and- 8.8+12.5% for
placebo (P<0.0001; Table 2). The outcome of the three supporting
analyses carried out on the CFA data was consistent with the pri-
mary analysis with significant mean improvements in the pancre-
lipase group vs. placebo for all three analyses (data not shown).

Sub-analysis of CFA data according to baseline CFA indicated
that in patients receiving pancrelipase, the meanzs.d. change from
baseline was greater in patients with a baseline CFA <50% (more
severe EPI) compared with those with a baseline CFA >50%:
55.3413.6 vs. 22.1+7.3, respectively {significance not tested). How-
ever, on-treatment CFA values at the end of the study were similar
regardless of baseline CFA: 84.6£9.0 and 87.044.2, respectively.
Thus, the least squares mean difference in the change from base-
line CFA between the pancrelipase and placebo groups was greater
in patients with baseline CFA <50% {39.7%) compared with those
with baseline CFA >50% {13.1%}.

On the basis of the dietary information recorded in patient
diaries during the stool collection period, the meanzs.d. total fat
intake over 72h was similar in both groups at baseline: pancreli-
pase 467.32159.2g and placebo 444.5+122.3g. At the end of the
treatment phase the mean-ts.d. total fat intake was 473.9£177.7 gin
the pancrelipase group and 505.4£201.2¢ in the placebo group.

A high proportion of patients in both groups had negative CNA
values at basefine as indicated by the negative mean CNA values
shown in Table 2. The meants.d. change from baseline in CNA
was significantly greater in the pancrelipase group: 97.782.3%
compared with placebo: 24.4+101.0%; P=0.0013 (Table 2). The
CNA value remained negative in the placebo group at the end of
the double-blind period. Nitrogen intake over 72h was similar
in both groups at baseline with a meants.d. of 64.5£31.9g in the
pancrelipase group and 61.1£29.4g in the placebo group. Nitro-
gen intake remained consistent in both the groups with meants.d.
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Table 3. Change from baseline in stool characteristics—full analysis sample
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values of 69.3+33.7 g for pancrelipase and 68.1£37.2 g for placebo
at the end of the treatment period.

Significant improvements in stool characteristics were
observed with pancrelipase compared with placebo, as shown

© 2010 by the American College of Gastroenterology

in ‘Table 3. At baseline, clinical symptomatology (abdominal
pain, stool consistency, and flatulence) was generally similar in
the placebo and pancrelipase groups. There was no meaningful
change from baseline to end of treatment in the proportion of
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patients with none/mild abdominal pain in both groups. There
was an increase from baseline to end of treatment in the pro-
portion of patients with formed/normal stools in the pancre-
lipase group, whereas no substantial change was noted in the
placebo group. There was also an increase from baseline to end
of treatment in the proportion of patients with no flatulence in
the pancrelipase group compared with a decrease in the pla-
cebo group. Statistically significant differences were observed
between pancrelipase and placebo for flatulence (P=10.006)
and stool consistency (P=0.031) at the end of the treatment
period (Figure 3). :

Safety

The mean duration of exposure to treatment was the same in
both groups: 6.8 days in the pancrelipase group and 6.7 days
in the placebo group. Few TEALs were recorded: five (20.0%)
patients in the pancrelipase group and six {20.7%) patients in
the placebo group reported one or more TEAEs, consisting of
mainly GI events and metabolism and nutritional disorders, as
listed in Table 4. There were no TEAEs with a clinically mean-
ingful greater incidence in the pancrelipase group compared
with the placebo group. One patient in each group had TEAEs
thonght by the investigator to be related to treatment; these
included abnormal feces, frequent bowel movements, and inad-
equate control of diabetes mellitus in the pancrelipase group,
and abdominal pain and vomiting in the placebo group. One
severe TEAE of abdominal pain was recorded in the placebo
group. Non-treatment-emergent serious AEs were observed in
two (6.9%) patients in the placebo group {abdominal pain and
yitamin B12 deficiency anemia) but resolved before randomiza-
tion; no serious AEs were reported in the pancrelipase group.
No discontinuations owing to AEs or deaths occurred in this

“Table 4, Treatment-emergent advérse events occurring in 2 patients -

m

“in‘any system organ class in either treatment grou p—safety sample ="
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study and there were no meaningful treatment group differ-
enices observed for any of the laboratory parameters tested or
vital signs.

DISCUSSION

The need for pancreatic enzyme supplementation in the treat-
ment of maldigestion due to EP1 is undisputed; it improves
the quality of life and in many cases it is life saving, The data
presented here provide evidence that pancrelipase delayed-
release 12,000-lipase unit capsules are an effective treatment
for maldigestion associated with EPI due to CP and PS at doses
of 72,000 lipase units per main meal and 36,000 lipase units
per snack, Fat absorption, as measured by the CFA, and nitro-
gen absorption {a marker for protein absorption), as measured
by the CNA, had significantly improved from baseline to the
end of the treatment period when pancrelipase was compared
with placebo. Overall symptoms of maldigestion also improved
from baseline to end of therapy to a greater extent in pancre-
lipase-treated patients compared with placebo, with signifi-
cantly greater improvements observed in stool characteristics,
flatulence, and stool consistency. Pancrelipase was well toler-
ated, with a similar AE profile observed to that in the placebo
group. A low number of TEAEs was reported overall and those
reported were mainky GI events and metabolic/nutritional dis-
orders, which may be attributable to the underlying disease.
The good safety profile of pancrelipase provides a particularly
favorable benefit to risk ratio.

“The CFA is the gold standard surrogate marker of fat absorption.
The CFA results in this study are consistent with those of other
studies assessing previous formulations of pancrelipase in CP and
P$ patients. In 2 double-blind study, patients with CP receiving
pancrelipase had a CFA of 86.6% compared with 68.0% on pla-
cebo at the end of a 2-week treatment period (P=0.0185 for treat-
ment difference) (22). In a further double-blind study enrolling 11
patients who had undergone surgery {local resection-longitudinal
pancreaticojejunostomy) for CP, those receiving pancrelipase had
a CFA of 83.3% compared with 52.7% in the placebo group at the
end of the 4-week randomized treatment period {(10). In our study,
subanalysis of CEA data by baseline CFA values indicated that there
were no differences in CFA values during pancrelipase treatment
according to the severity of EPI at baseline; therefore, patients with
more severe BPI at baseline had correspondingly larger increases
in CFA on pancrelipase.

Use of the CNA to measure protein absorption is currently
not well characterized and, to our knowledge, this study repre-
sents the first report of CNA measurement in patients with CP.
No methodological biases regarding the measurement of protein
absorption were identified. The dietary diaries were checked
regarding protein/nitrogen intake and were as expected, with
1o inconsistencies that would explain negative CNA values. In
our study, a high proportion of patients had negative CNA values
at baseline; in addition the CNA value remained negative in the
placebo group at the end of the double-blind period, suggesting
a negative protein balance in these patients. Overall, significant
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improvements from baseline were observed for CNA in the pan-
crelipase group. Although a small number of patients still had
negative CNA valies during pancrelipase therapy, there wasa clear,
significant improvement in nitrogen absorption compared with
that in the placebo group at the end of the short treatment time
on a high fat diet, with 63.6% of patients on pancrelipase having a
positive CNA value at the end of treatment vs. 29.6% on placebo.
A potential limitation with respectto interpretation of the nitrogen
balance data is that the PERT dose taken before the study-entry
may not have been equal to the pancrelipase dose evaluated here.
If patients were under-treated before the study, then the tested
dose of pancrelipase may have significantly improved digestion
of fats, resulting in earlier satiety and lower total consumption. In
addition, the diet may have changed from low fat to high fat on
study-entry, which, when combined with better digestion of fat,
may result in a reduced intake of nitrogen with a temporary, nega-
tive nitrogen balance. However, this does not indicate toss of body
protein. The extension phase of this study will provide data on
the effects of pancrelipase and placebo on serum markers of pro-
tein nutrition; it is anticipated that major improvements will be
observed as in a previous study by Dominguez-Muioz ef al, (18)
In a preyious double-blind study of patients who had undergone
surgery for CP, improvement in CNA (reported as coefficient of
protein absorption) with pancrelipase was also reported by Van
Hoozen et al. {10). Patients received PERT for 4 weeks and were
then randomized to a further 4 weeks of pancrelipase or placebe.
From week 4 to week 8, the CNA improved from 77% to 84.4%
(P=0.05) on pancrelipase compared with a reduction from 82.6%
to 70.3% on placebo. Nevertheless, further research is needed to
better determine the protein status in patients with CP and PS
and the consequences of improving protein absorption in these
patients. :

Tn our study, a small change from baseline of 8.8% in the CFA
was observed in the placebo group. Although this was statisticalty
significant (P<0.05 vs. baseline), this change is not considered
clinically relevant given the inter-subject variation in digestion
and the potential for variations in diet even in a controlled envi-
ronment. An improvement from baseline in CNA in the placebo
group of 24.4% was observed {not significant vs. basefine). These
small improvements observed in the placebo group are not unex-
pected; placebo CFA and CNA values within the same range were
observed in the two clinical trials of PERT in CP/PS noted above
(10,22) and in one trial enrolling patients with CF (23). The large
s.d. values observed in the placebe group for CFA and CNA values
in the current study indicate a highly variable placebo effect; one
possible explanation is adaptation when patients were off-PERT in
the placebo run-in period, which is subsequently continued into
the randomized period.

Tn the absence of formalized PERT dosing guidelines in Ch
initial dosing is based on the current clinical practice and clini-
cian experience and usually adjusted according to EPI severity,
dietary fat content, adequate symptom control, and maintenance
of good nutritional status (13,26). Reviews of PERT in CP suggest
a variety of dosing ranges, including 20,000 to 75,000 Furopean
Pharmacopocia units of lipase for a main meal (26), approximately
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90,000 United States Pharmacopeia (USP) units of lipase per meal
to abolish steatorrhea (15), and up to 80,000 units of lipase per
meal to achieve desired stool pattern (5). Carriére ef al. {16) have
also suggested that the normal pancreas may not produce lipase
much in excess of the amount required for complete dietary fat
digestion and therefore much higher PERT doses than currently
used may be required to achieve normal fat digestion in patients
with severe EPI, Tt is of note that international units of lipase are
not equivalent to other units of lipase measurement such as Fed-
eration Internationale du Pharmaceutiques and USP; e.g., 30,000
international units is equivalent to 90,000 USP units {(15). A dose
of 72,000 lipase units per main meal was selected in this study to
ensure that patients with more severe EP1 responded to therapy
and to take into account the high fat intake from the diet specified
in the protocol. This study showed the efficacy and safety {short-
term) of pancrelipase at this dose, which is within the ranges rec-
ommended in the CP reviews mentioned above. Previous clinical
studies of PERT in patients with CP have used lower doses of
PERT (10,20,22,33). Use of lower doses in clinical practice may
result in many patients with EPI due to CP being undertreated,
especially patients who have been receiving low quality generic
formulas (15). Although patients with moderate EPT may benefit
from lower doses of PERT in terms of improvement in clinical
symptomas, indirect functional testing has shown that around
two-thirds of patients with EPI due to CP have abnormally low
nutritional parameters even when their symptoms are adequately
controlled with PERT, emphasizing the need to look beyond
symptom control in clinical practice. Sensitive measures of nutri-
tional status should ideally be used in these patients to optimize
PERT dose and nutrition (18). As the CFA test does not discrimi-
nate between hepatobiliary, mucosal, and pancreatic causes of
fat malabsorption, detailed pancreatic imaging and concomitant
functional diagnosis in these patients remains essential.

A high number of patients participating in the placebo run-
in phase did not enter the double-blind treatment phase of this
study because they did not meet the strict interim inclusion
criteria requirements defining more severe EPI (CFA <80%
and/or stool fat excretion =40g). The initial screening proc-

ess detected moderate to severe pancreatic insufficiency on the

basis of simple tests and provided clinical evidence that the
patients were PERT-dependent for the treatment of signs and
symptoms of pancreatic disease and maldigestion. The high
rate of exclusion after the run-in phase and before randomiza-
tion suggests that PERT is effective in controlling symptoms
of milder EPI than the strict threshold of CFA on placebo that
the study protocol required. In addition, there is a significant
and highly variable background of GI symptoms and placebo
responses that confound some of the subjective symptomatic
measurements in this patient population.

The effectiveness of pancrelipase for the most severe degree of EPi
(CEA <50%) at a dose 0f 72,000 units of lipase per meal suggests that
all degrees of EPI can be successfully treated with PERT. ‘The need
for optimizing PERT treatment on the basis of symptomatic and
nutritional targets of a wide spectrum of patients in clinical prac-
tice was recently shown by Dominguez-Muiioz et al. (18) in which
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a PERT with a minimum of 60,000 units of lipase was required in
20% of their patients with CP to improve or normalize body weight,
pre-albumin levels, and retinol-binding protein levels, In that study,
higher doses of PERT were nof tested and patients with no residual
pancreatic function (i.e., total pancreatectomy) were not included.
Thus, the benefits of pancrelipase observed in the present study are
likely to be generalizable to the wider population of patients with
EPI due to CP or PS, regardless of EPI severity. '

A potential limitation of this study is the slight imbalance in
the number of PS patients between treatment groups, The higher
proportion of PS patients in the pancrelipase group could provide
greater potential for improvement in this group. However, sub-
group analysis of CFA by disease status (CP vs. PS) indicated no
clinically meaningful differences by disease status in the effect of
pancrelipase on the change from baseline CFA {data not shown). In
addition, this study provided only a limited time period for safety
assessment. ‘There are no safety concerns regarding long-term
therapy with pancrelipase delayed-release capsules on the basis of
clinical study data and substantial clinical experience. The open-
Jabel extension period of this study (to be reported separately) will
provide long-term safety data to support the favorable safety profile
of pancrelipase delayed-release capsules.

Together, the results of this double-blind, randomized, placebo-
controlled study provide strong evidence for the efficacy and
safety of pancrelipase delayed-release 12,000-lipase unit capsules
in the treatment of EPI due to CP and PS, with significant
improvements in fat absorption and protein absorption compared
with placebo,
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ABSTRACT

Exocrine pancreatic insufficiency (EPI) is
associated with conditions including cystic
fibrosis (CF), chronic pancreatitis (CP), and
pancreatic surgery (PS). The symptoms
include maldigestion, malnutrition, weight
loss, flatulence, and steatorrhea. Pancreatic
enzyme replacement therapy (PERT) is the
standard treatment for EPI; it is regulated in
many countries and most recently in the USA
following a US FDA mandate for all PERT
manufacturers to submit new drug applications.
Pancrelipase delayed-release capsules (CREON®,
Abbott, Marietta, GA, USA) have been available
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in Furope since 1984 and in the USA since 1987;
a new formulation was the first PERT to gain
approval in the USA in 2009, The efficacy and
safety of CREON have beenn demonstrated in
double-blind, randomized, placebo-controlled
trials in patients with CF aged =7 years and in
patients with CP or post-PS. The data consistently
demonstrate significantly better fat and nitrogen
absorption with CREON versus placebo, and
improvements in clinical symptoms, stool
frequency, and body weight, Additionally,
efficacy and safety of CREON have been shown
in open-label studies in young children with CF
(aged 1 month to 6 years), with control of fat
malabsorption and control of clinical symptoms.
The most commonly reported adverse events
(ALs) with PERT are gastrointestinal disorders
and allergic skin reactions. In clinical studies,
CREON was well tolerated with very few
withdrawals due to AEs and a low frequency
of Afis judged treatment related, regardiess of
patient age. To further support the known safety
profile of PERT, all manufacturers are required to
investigate risk factors for fibrosing colonopathy,
a rare gastrointestinal complication of CF, and
the theoretical risk of viral transmission from
porcine-derived PERT products. Together,
the clinical study data and wealth of clinical
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experience suggest that CREON is effective and
safe in patients with EPI regardless of etiology,
with a very favorable risk-benefit profile.

Keywords: chronic pancreatitis; CREON®; cystic
fibrosis; delayed-release; exocrine pancreatic
insuificiency; pancreatin; pancreatic enzyme
replacement therapy; pancrelipase

INTRODUCTION

Pancreatic enzyme replacement therapy
(PERT) products are prescribed for the treatment
of exocrine pancreatic insufficiency (EPE, which
is often associated with cystic fibrosis (CF),
chronic pancreatitis (CP), malignant ductal
obstruction of the pancreas, or pancreatic
surgical procedures.! The pancreas secretes
digestive enzymes (lipase, protease, and amylase}
into the duodenal lumen, where they facilitate
the breakdown of macronutrients. Thus, patients
with untreated EPI typically have difficulty
digesting fat and suffer symptoms of both
maldigestion and malnutrition, with deficiencies
of essential fatty acids and fat-soluble vitarnins,
weight loss, cramping, flatulence, bloating, and
greasy, foul-smelling, loose stools (steatorrhea).
The overt clinical symptoms of EPI are mainly
a consequence of fat maldigestion. However,
protein and carbohydrate maldigestion also
contribute to EPI-associated malnutrition,
affecting nutritional status and overall health.
Protein maldigestion results in excess protein
in the stool {creatorrhea) and chronic protein
malabsorption may result in hypoalbuminemia,
which can lead to generalized edema or ascites.
Symptoms of carbohydrate malabsorption
include diarrhea, flatulence, and abdominal
pain/distension, For patients with CF, inadequate
treatment of EPT may have serious consequences
for nutritional status, which has been directly
correlated with lung function?? and survival.$s

By convention, PERT products are Jabeled
according to the amount of lipase they contain;
all PERT products also contain protease and
amylase, but the labeled and actual amounts of
these two enzymes may differ from product to
product even when labeled lipase amounts are
the same. Older pancreatic enzyme formulations
were based on pancreatin, a substance obtained
from the pancreas of the hog or ox. Current PERT
formulations are based on pancrelipase, a more
potent extract from the hog pancreas, which the
US Pharmacopeia (USP)¢ defines as containing
not less than 24 USP units of lipase activity,
100 USP units of amylase activity, and 100 USP
units of protease activity per mg. International
application of these definitions is somewhat
confusing, because outside the USA pancrelipase
is typically referred to as “pancreatin” even
though it is the same active substance with
similar potency and activity.

For exogenous PERT to be effective, it is
crucial that as much as possible of the dose
reaches the proximal small intestine at the same
time as the partially digested food (chyme).
Lipase is the most sensitive of the pancreatic
enzymes to the effects of both pepsin and acid,
and is irreversibly inactivated at pH 4.0 or lowet.
Farly PERT preparations consisting of tablets or
encapsulated powder were not protected against
such inactivation in the stomach, and perhaps
only as little as 8% of ingested lipase was
bioavailable in the small intestine. Therefore,
it was necessary to administer orally up to five
to 10 times as much lipase as was required
for intraluminal digestion; bicarbonate or H,
receptor antagonists were often administered
concomitantly to attempt to reduce degradation
by stomach acid. The development of enteric
coatings and microsphere and microtablet
formulations in the 1970s made it possibie to
protect pancreatic enzymes for passage through
the stomach, enabling enzyme delivery to the
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duodenum simultaneously with the chyme,
and thus allowing enzyme release when the
intestinal pH is most conducive for enzyme
activity. This allowed patients with CF to shift
from the previously recommended low-fat,
high-protein program to a diet high in fat as
well as protein, making it possible for them
to meet their high energy needs. Subsequent
refinements in microencapsulation technology
have facilitated increases in lipase content and
more efficient dosing.3®

Previous studies have suggested that PERT
products vary in terms of actual enzyme content
and in-vitro response to simulated gastric and
duodenal conditions.!®!? As pancreatic enzymes
are sensitive proteins and liable to inactivation,
capsules were routinely overfilled to ensure
that potency would not drop below label
claims before the end of shelf-life,*3 Over the
past decade, the USP standard has evolved in
recognition of these circumstances and actually
states upper and lower limits of labeled amounts
of enzymes. Currently, the US Food and Drug
Administration (FDA) labeling requirements
" mandate that approved pancreatic enzymes in
the USA have no stability overfill and hence new
preparations are labeled accordingly.

PERT products are approved around the world;
however, because PERT products were available
before the passage of the 1938 Federal Food, Drug,
and Cosmetic Act, they have historically been, in
the absence of any specific concemé, marketed in
the USA without any requirements for safety and
efficacy testing. These prescribed products have
been documented with in-vitro performance
studies and in-vivo clinical efficacy data.!*'
Citing concerns about the significant differences
in bicavailability among PERT products and
consequent instances of serious under- and
over-dosing, the FDA formally announced in
2004 the New Drug Application requirement for
EPI drug products,’ with the stipulation that

because the drugs are “medically necessary,”
manufacturers could continue to market their
products without an approved application for the
next 4 years, which was extended until May 2010,
To date, three pancreatic enzyme preparations are
on the market in the USA that have received FDA
approval: CREON® (pancrelipase delayed-release
capsules; Abbott, Marietta, GA, USA) in April
2009, Zenpep® {[pancrelipase] Delayed Release
Capsules; Eurand Pharmaceuticals Ltd, Yardley,
PA, USA) in August 2009, and Pancreaze™
([pancrelipase] delayed-release capsules; WcNeil
Pharmaceuticals, Ruritan, NJ, USA) in April
2010, These products represent the first enteric-
coated pancrelipase preparations approved in
the USA since the introduction of crude extracts
over 50 years ago to treat infants with CF, and
all are of porciné origin. As new dosage forms are
approved, some manufacturers have taken the
opportunity to modify their formulations with
regards to excipients, improved packaging, and
stability to allow for a more consistent delivery
of pancreatic enzymes.

CREON INDICATIONS AND
PRESCRIBING INFORMATION

CREON is indicated for the treatment of
EPI due to CF, CP, pancreatectomy, and other
conditions in which EPI is present.?® Dosages are
individually titrated based on clinical symptoms
and the degree of steatorrhea, and are adjusted
for the amount of dietary fat consumed. For
patients with CF, guidelines from the CF
Consensus Conferences?-?* are used for initiating
PERT and are summarized in Table 1. Dosing in
patients with CF and CP will also be discussed
in later sections. CREON capsules should be
swallowed whote and not crushed or chewed.
Capsules can be opened and the contents given
on a spoon mixed with soft acidic food, such
as applesauce, until children are able to swallow
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Table 1. Cystic Fibrosis Consensus Conference dosing guidelines for pancreatic enzyme replacement therapy.

2125

Infants up to 12 monchs
Children 12 months to 4 years

2000-4000 TU lipase/ 120 mL of formula or per breast feeding
1000 1U lipase/kg body weight/ meal to a maximum of

2500 TU/kg body weight/meal (daily maximum of
10,000 TU/kg/day or 4000 TU/g dictary fac/day)

Children 4 years and older and adults

500 U lipase/kg body weight/meal to 2 maximum of

2500 [U/kg body weight/meal {daily maximum of
10,000 IU/kg/day or 4000 1U/g dietary fat/day)

1U=international unit.

capsules whole; this mixture should be given
during meals, immediately after mixing.? If
capsules are opened, care should be taken to mix
the contents only with foods of pH <4.5 to avoid
distuption of the protective enteric coating and
thus early release of enzymes and/or loss of
enzyme activity before ingestion?® As CREON
is an enteric-coated formulation and therefore
protected against gastric acid inactivation,
routine administration of a concomitant proton
pump inhibitor or H, receptor antagonist is not
required.

The active pharmaceutical ingredient of
CREON is pancrelipase, a porcine pancreatic
extract containing muitiple enzyme classes.
Fach delayed-release gelatin capsule for oral
administration contains enteric-coated spheres
approximately 1 mm in diameter.?® The
following inactive ingredients are also present
in the current FDA-approved formulation: cetyl
alcohol, dimethicone, hypromellose phthalate,
polyethylene glycol, and triethyl citrate.®
The inactive ingredients differ from previous
formulations in that light mineral oil has been
removed from the spheres and dibutyl phthalate
has been removed from the enteric coating in
response to general FDA and European Union
directives, respectively.

By convention, PERT preparations listed
with a numerical value refer to the thousands of
units of lipase per dosage form contained in the
product. In the USA, USP standards are used for
pancrelipase, while in Furope other standards

are used including Furopean Pharmacopoeia (Ph.
Fur.)/Fédération Internationale Pharmaceutique
(FIP) units. Standardization of lipase units has
occurred (1 USP=1 Ph. Eur.=1 FIP unit) but there
are differences with regards to amylase and

protease unit standards. As PERT is traditionally

dosed based on lipase units, we can use
them interchangeably and no conversion is
needed.?6%

Enteric-coated {delayed-release) CREON
formulations have been available in Europe since
1984 and in the USA since 1987. Currently, in
the USA, CREON is available in three strengths,
containing 6000, 12,000, and 24,000 USP units
of lipase per capsule.” In addition, protease and
amylase are included in these preparations in
the amounts shown in Table 2.

Other formulations of CREON (with the same
active ingredient) are available outside the US
(Creon 10000 Ph. Eur,, Creon 25000 Ph. Eur,
Creon 40000 Ph. Fur. and a special formulation

Table 2. CREON dosage forms and strengths currently
available in the USA?°

USP units
Lipase Protease  Amylase
- CREON 6,000 6000 19,000 30,000
CREON 12,000 12,000 38,000 60,000
CREON 24,000 24,000 76,000 120,000

USP=United States Pharmacopeia.

The 6600, 12,000, and 24,000 strengths are equivalent in
lipase activity to previously available Creon 5, 10, and 20,
respectively.
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for children, Creon micro [S000 Ph. Eur. lipase
units per dosing scoopl).

CYSTIC FIBROSIS

QOverview of Exocrine Pancreatic
Insufficiency in Cystic Fibrosis and
Long-term Consequences

EPI is present in approximately 85% of
patients with CF overall and in up to 99% of
patients who are F508del homozygotes, most
often from birth.?330 The clinical triad of
increased appetite, steatorrhea, and malnutrition
is highly suggestive of CF with EP1. Nowadays,
with increasing worldwide implementation of
newborn screening programs, CF is usually
diagnosed in very early life. Nevertheless, at
initial consultation, half of all infants with CF
are symptomatic for EPI and the majority present
with impaired growth, low body weight, and
digestive symptoms.*? In addition to malnutrition
and steatorrhea, other frequent symptoms
include abdominal pain, bloating, flatulence, and
rectal prolapse.?”#* EPI can also lead to edema
caused by hypoalbuminemia, deficiencies in fat-
soluble vitamins, and hemolytic anemia related
to vitamin E deficiency. Even in the context of
symptoms, a laboratory test to define pancreatic
function status or confirm fat excretion levels
is recommended.2? The fecal elastase-1 test is
highly sensitive (using a monoclonal rather than
polyclonal antibody) and involves an enzyme-
linked immunosorbent assay to determine
levels of this human pancreas-specific enzyme
in a small specimen of well-formed feces; thus
it is simply a diagnostic tool of pancreatic
function.?35 Assessment of the coefficient of
fat absorption (CFA) involves 72-hour stool
collection, recording of dietary fat during the
stool collection period, and calculation of the
percentage CFA.%%% This test, which is very

cumbersome for the patient, is the most valuable
tool for assessing fat maldigestion in PERT-
supplemented patients with poor nutritional
status or inadequately controlled gastrointestinal
symptoms, or in clinical trials to evaluate PERT
efficacy.

It has been documented that newborn
screening programs for CF confer nutritional
advantages, as a result of earlier diagnosis,
compared with traditional CF diagnosis based on
clinical symptoms.’® As better nutritional status
and growth is strongty associated with improved
pulmonary function and improved survival in
CF#*% prompt nutritional support and PERT
should be provided as soon as EPI is confirmed,
whatever the patient’s age and mode of feeding,
in order to maintain normal growth status.

Current Recommendations and Practice
for the Treatment of Exocrine Pancreatic
Insufficiency in Cystic Fibrosis

The standard of care for EPI is based on
oral PERT, regardless of etioio.gy. The dosing
guidelines for patients with CF are summarized
in Table 1.2%5 The occurrence in the 1990s of
fibrosing colonopathy (FC) in young children
receiving very high daily doses of PERT***! had a
major impact on PERT prescriptions, despite the
rarity of this severe gastrointestinal complication.
As a result, consensus guidelines for PERT
published in 1995 and 2002 recomiended that
daily doses should not exceed the equivalent
of 10,000 1U lipase/kg/day or 4000 IU lipase/g
dietary fat/day.?® However, it should be noted
that these dosing recommendations were
based on older PERT formulations, which were
overfilled in terms of lipase units.'-1%18 Therefore,
some patients may have been receiving actual
doses that exceeded the recommended upper
limit. In the current era of better controlled
manufacturing processes, and the US FDA
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requirements for PERT labeling to state actual
lipase content, these dosing recommendations
and limits may need to be revisited.

Studies have shown that standard- and
high-strength PERT preparations provide
similar efficacy in terms of fat absorption, as
summarized by Littlewood et al.;¥" standard-
strength enzyme preparations are recommended
for infants and children. Many factors may
affect enzyme efficacy; dose requirements
therefore remain approximate and doses should
be individualized. Adequate PERT should
enable the patient to eat a normal or high-
fat diet without unpleasant gastrointestinal
syniptoms and to achieve a satisfactory
nutritional and growth status.?” PERT should
be given with all fat- and protein-containing
foods, according to the dosing guidelines, with
pancreatic enzyme dosage gradually increased
on a dietician’s or physician’s advice if needed
until symptom relief and adequate weight
gain are achieved. Individualization of doses
is supported by a recent report of evidence-
based practice recommendations from the
Cystic Fibrosis Foundation (CFF) Growth and
Nutrition Subcommittee,? which concluded
that there was insufficient evidence for making
recommendations regarding specific PERT doses
and CFA values or growth status; there was also
insufficient evidence to support the efficacy of
generic PERT formulations.

Efficacy of CREON in Cystic Fibrosis

The efficacy of the various formulations
of CREON (with the same active ingredient)
has been confirmed through extensive clinical
experience and in a number of clinical studies
in patients with CE'247 A summary of
published efficacy data from six clinical studies
investigating formulations that are currently
available in either the USA or Europe is provided

in Table 3. A seventh study reporting use of a
pre-FDA mandate US formulation {Creon 20"
has also been included as this formulation has
equivalent lipase content per capsule to current
CREON 24,000 USP, with similar pharmaceutical
characteristics and sphere size, and therefore
provides valid efficacy and safety information.
Four studies had an open-label design without
placebo control as they inctuded infants and
young children.*** The target lipase doses in
these studies were selected according to the CFF
and EU consensus guidelines?* relevant to the
age group under investigation. The three recent
studies carried out in the USA used the new
formulation of CREON that is now currently
available,*+

The data summarized in Table 3 provide
substantial evidence for the efficacy of the
different CREON formulations in significantly
improving fat absorption (as measured by
the CTA) versus placebo or baseline (no
treatment). On-treatment efficacy appears
to be consistent regardless of study design,
patient age, and CREON formulation, with
CREON demonstrating efficacy in improving
malabsorption in preschool-age children®**¢ as
well as older children and adults. Improvements
were also seen with CREON in secondary
outcome measures such as the coefficient of
nitrogen absorption (CNA), clinical symptoms,
stool frequency, and body weight (Table 3). The
CNA is measured in the same way as the CFA
but with assessment of nitrogen as a marker for
protein absorption. Comparisor of data from two
randomized, double-blind, placebo-controlled
studies with the FDA-approved formulation
of CREON indicates consistent on-treatment
efficacy in patients aged 7-11 years and patients
aged 212 years: mean CFA 82.8% and 88.6% and
mean CNA 80.3% and 85.1%, respectively.®*
Significant improvements in fhese parameters
versus placebo were seen with CREON in both
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trials and improvements in clinical symptoms
were also consistent (Table 3). The outcomes
in the CREON clinical trials compare favorably
with normal CFA and CNA values; a study of 16
healthy individuals indicated a mean CFA value
of 94% and a mean CNA value of 88%.*
Combining individual patient data for
on-treatment CFA values and changes in CFA
versus placebo from the two rlandomized,
double-blind, placebo-controlled studies with
the FDA-approved formulation of CREON#24
indicated no apparent differences in CFA values
on-treatment according to the severity of EPI (as
measured by the CFA during placebo treatment).
Thus, patients with more severe EPI (lower CFA
on placebo) had correspondingly larger increases
in their CFA on CREON treatment, and all
subjects with a placebo CFA of tess than 40%
had an on-treatment difference from placebo
of over 30% (Figure 1). No obvious differences
were observed regarding efficacy of CREON
for the different age groups (Figure 1). In the
Trapnell et al.# study, prospectively planned
subanalyses showed no differences in terms of
CFA, CNA, abdominal pain, stool consistency,
and flatulence between subjects aged 12-18 years
and those aged >18 yeass,
Figure 1. On-treatment coefficient of fac absorption
(CFA) in the two double-blind, placebo-controlled studies
with the US Food and Drug Administration-approved
formulation of CREON in patients wich cystic fibrosis:
difference between on-treatment and placebo CFA asa

function of placebo CFA (fower placebo CFA indicates
more severe exocrine pancreatic insufficiency).

90 a 7-11 years
80+ o 212 years

60 R L g

Change in CFA on
pancrelipase vs. placebo, %
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Safety of CREON in Cystic Fibrosis

The long-term safety profile of PERT, such
as CREON, has been described in the medical
literature, with the most commonly reported
adverse events being gastrointestinal disorders
and allergic skin reactions (rash, urticaria).”
Table 4 summarizes treatment-emergent adverse
events (TEAEs) occurring in six published clinical
studies of CREON that report safety data on
currently available formulations, 7448

TEAEs were generally more frequent with
placebo compared with CREON, reflecting the
effects of untreated EPI in these patients. The
majority of patients completed treatment in these
studies, and there were very few withdrawals
due to TEAFs, indicating that CREON was well
tolerated. As expected due to the nature of the
underlying disease, gastrointestinal disorders
were the most frequent class of TEAEs on both
CREON and placebo. There was a low frequency
of TEAEs judged to be probably or possibly
treatment related in patients receiving CREON.
Serious TEAEs were a severe Pseudormonas species
lung infection and bronchial obstruction in
the study by Munck et al,*® and hospitalization
for pulmonary exacerbation in the study by
Stern et al.¥?

There were no obvious trends for TEAEs
in patients with CF by age group. Safety data
from studies with the new FDA-approved
formulation’>** are consistent with those of other
formulations, with low frequencies of treatment-
related TEAFs and withdrawals due to TEAEs.
Global post-marketing surveillance data on the
various CREON formulations have been collected
since January 1984; no data have been noted
during this time that would suggest any safety
issues associated with CREON formulations.*

Taken together, these data indicate that
CREON is safe and well tolerated in patients with
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EPI due to CF irrespective of age, highlighting its
favorable risk-benefit profile in these patients.

CHRONIC PANCREATITIS AND
OTHER PATIENT POPULATIONS

Overview of Exocrine Pancreatic
Insufficiency in Chronic Pancreatitis and
Long-term Consequences

CP is the most common cause of EPI in adults
and the most common underlying etiology is
alcohol abuse, In 1788, Cawley reported on a “free
living young man” who had died of emaciation
and diabetes whose post mortem examination
revealed multiple pancreatic calculi.*® Since that
early description thousands of reports have been
published. We now know that this multifactorial
condition is characterized by chronic
inflammation with subsequent loss of exocrine
and occasionally endocrine parenchyma, with
fibrotic tissue replacement, ultimately resuiting
in maldigestion, malnutrition, and diabetes
mellitus. The exact mechanisms triggering
and perpetuating the disease are not fully
understood, but there is a complex interaction
between noxious stimuli, the environment, and
genetic predisposition that leads to an excessive
inflammatory response with subsequent tissue
destruction. However, our understanding of this
condition has increased over the past few years
and molecular and cellular events contributing
to chronic inflammation with subsequent
tissue destruction are better understood,
particularly the important role that genes and
the environment (alcohol consumption and
cigarette smoking being independent risk
factors) play in this complex condition.”"** Other
etiologies that lead to EPI include tumors that
obstfuct pancreatic enzyme secretion {pancreatic
cancer, intraductal papillary mucinous neoplasia,

ampuliary tumors), genetic mutations (CF,

ataxia, and/or increased prothrombin time, 3%

cationic trypsinogen, chymotrypsin C, and
serine protease inhibitor Kazal type 1), extensive
necrotizing pancreatitis, and different types of
pancreatic surgery (PS), such as local resection,
longitudinal pancreaticojejunostomy, and total
pancreatectomy, with EPI severity depending on
the type and extent of surgery.>

Patients with CP usually present with
chronic recurrent abdominal pain and then,
over a period of many years, CP may lead -
to steatorrhea (defined as >7 g of fecal
fat/day while consuming a 100 g fat diet, with
clinical/symptomatic steatorrhea seen when
>15 g/day’s), malnutrition, and occasionally
endocrine pancreatic dysﬁmction, but this may
vary based on the etiology of CP. Steatorrhea
occurs in CP only after the pancreatic enzyme
output has diminished by 90% of normal
levels.565” The large reserve capacity of the
pancreas noted in earlier studies may be due to
the non-pancreatic gastric and fingual lipases.*®

The diagnosis of CP can be made on the
basis of clinical symptoms in combination
with structural and functional criteria, but
in some patients it can be very difficult {o
make. Structural changes may take years to
develop and functional tests can be normal ot
not easily accessible; chronic abdominal pain
may or may not be present. It is important to
recognize and treat EPI in patients with CP
to prevent maldigestion of fat, proteins, and
carbohydrates, malnutrition, and weight loss.
In healthy individuals, fat-soluble vitamins are
absorbed from the small intestine along with
digested dietary fats via micelles (aggregates
of monoglycerides, fatty acids, and bile salts},
Deficiencies in fat-soluble vitamins A, E, and Kare
therefore often present in patients with EPl as a
result of fat maldigestion (and therefore reduced
micelle formation), and may lead to symptoms
such as impaired night-time vision, cerebellar
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and vitamin B, deficiency may be present due
to both impaired release of the B, complex
and. bacterial overgrowth in the intestine.®
Compared with healthy controls, patients with
CP have lower serum levels of vitamin D and
decreased bone mineral density,®

Summary of Current Practice for
Pancreatic Enzyme Replacement Therapy
for the Treatment of Exocrine Pancreatic
Insufficiency in Chronic Pancreatitis

As previously mentioned, the standard
of care for EP! regardless of underlying
etiology is oral PERT. There are currently
few formal dosing guidelines for PERT in CP.
Approximately 90,000 USP or Ph. Eur. units of
lipase must reach the duodenum at the same
time as ingested food to assure maximal fat
digestion and absorption in patients with
EPL. As some endogenous lipase secretion
is usually preserved in CP, a starting dose of
PERT of 25,000-40,000 USP/Ph. Eur. units of
lipase per meat is recommended for the vast
majority of patients,*#%” which can then be
adjusted based on individual clinical need
(symptom severity, degree of steatorrhea,
and fat content of diet). To date, there are no
studies showing that PERT corrects fat-soluble
vitamin deficiencies ot B,, deficiency without
simultaneous vitamin supplementation 5%

Efficacy and Safety of CREON in Chronic
Pancreatitis and Other Populations

Randomized and/or placebo-controiled trials
of CREON in patients with EPI due to CP or Ps
have shown improvement of steatorrhea, as
measured by increased fat absorption, reduced
fecal fat excretion, decreased stool weight
~ and frequency, improved stool consistency,

and improved symptom scores.5%677* Another

prospective study has shown improvement in
quality of life.”?

In a recent randomized, double-blind,
placebo-controlled study by Whitcomb et al,,”
a new formulation of CREON 12,000 lipase unit
(USP) capsules was shown to be safe and effective
when patients with CP or post-PS were treated
with 72,000 lipase units (USP) per main meal and
36,000 lipase units (USP) per snack compared
with placebo for 7 days following a S-day
placebo run-in period (n=54). The change from
baseline in CFA was significantly greater with
CRFON compared with placebo: mean tstandard
deviation 32.1%+18.5% versus 8.8%+12.5%
(P<0.0001). Greater improvements from baseline
in stool frequency, stool consistency, abdominal
pain, and flatulence were also observed with
CREON over placebo. TEAFs were reported in
five patients (20.0%) in the CREON group and
in six (20.7%) in the placebo group, the most
common being gastrointestinal events and
metabolism/nutrition disorders. There were no
treatment discontinuations due to TEAEs in this
study.

A prospective, Crossover, randomized,
controlled trial by Dominguez-Mufioz et al.% in
24 patients with CP and EP1 evaluated the effect
of the administration schedules of CREON (the
Creon 10000 formulation currently available in
Europe). The dosing schedules were four capsules
pefore meals (schedute A), four capsules after
meals (schedule B), or four capsules throughout
the meal (one before, two during, and one aftex;
schedule C). Regardless of the adminisfration
schedule used, CREON improved fat digestion
in all patients, with recovery rates of 54% with
schedule A, 61% with schedule B, and 61%
with schedule C (all P<0.0001 versus baseline
value of 24%) using the B*C-mixed triglyceride
breath test. There was nio difference in patients’ -
preference for the three dosing schedules in

this study. Fat digestion was optimal when
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the enzyme preparations were taken during or
after meals, and tended to be better than that
observed when capsules were adininistered just
before meals although the differences were not
significant; therefore, these results should not be
used as a recommendation for CREON dosing,
The US prescribing information for CREON
recommends administration during meals in
all patients with EPL;*® however, in practice,
PERT is often administered before meals as well
as during meals in patients with CF, whereas
in non-CF patients it is often administered
after meals.

In a randomized, double-blind, multicenter,
placebo-controlled trial, 27 patients with CP
received four capsules of CREON (Creen 10; a
pre-FDA mandate formulation with equivalent
lipase content per capsule to current CREON
12,000 USP) with each meal {two capsules with
snacks) for 2 weeks, following a 2-week placebo
run-in period.”® Patients receiving CREON
for 2 weeks had a significantly higher mean
change in CFA compared with those receiving
placebo: +36.7% versus +12.1% (P=0.0185).
Compared with placebo, CREON also decreased
stool frequency (5.2 per day vs. 14.6 per day;
P=0.0015), controlled steatorrhea {change in
stool fat excretion -56.6 g/day vs. —11.4 g/day;
P=0,0181), and improved stool consistency
(stools became more firm in seven subjects vs.
one subject; P=0.0102 for overall consistency).
No major adverse effects were reported in this
small study.

 The efficacy of CREON in maintaining
postoperative digestion and nutrition in 11
patients who underwent local resection-
longitudinal pancreaticojejunostomy for CP was
evaluated in a placebo-conirolled trial (using
Creon 8000, a previous formulation no longer
available) at different doses based on initial
daily fat excretion.’* Patients who received
CREON showed significant improvements in

the CFA (83.3% vs. 52.7%; P=0.02) and the
coefficient of total energy absorption (88.3%
vs. 71.9%; P=0.02) when compared with
placebo. Of interest, the nutritional status of
these patients was not significantly altered over
the period of the study, although four of five
patients receiving CREON gained more than 3.6
kg body weight whereas none of the six patients
receiving placebo gained weight, These data
suggest that postoperative PERT is necessary and
effective in improving absorption in patients
with CP after local resection-longitudinal
pancreaticojejunostomy,

PANCREATIC ENZYME
REPLACEMENT THERAPY
TREATMENT FAILURES

In clinical practice, some patients do not
respond adequately to PERT and they should
be encouraged to discuss openly with their
healthcare team any problems they have. In these
cases, various other factors may be involved, such
as lack of patient compliance, suboptimal PERT
dosing, miscalculation of fat intake, deficiency
of pancreatic bicarbonate secretion, abnormal

* composition of bile salts, intestinal ion transport

abnormalities, intestinal inflammation, altered
gut motility, bacterial overgrowth, and impaired
absorption of long chain fatty acids.?%¢%7* High-
fiber diets have been associated with a small
but significant increase in fecal fat excretion
in patients with CP with EPL7 In addition,
calcium- and magnesium-containing antacids
are associated with the formation of soaps and
the precipitation of glycine-conjugated bile salts
in the intestine, which may lead to worsening
of steatorrhea in patients with underlying EPL.7
Factors related to the PERT preparation itself
may have an impact, including the size of the
enzyme patticles, the dissolution characteristics

of the preparation, the rate of emptying from
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the stoinach, and the timing of intake in refation
to meals. Variations in the enzyme content of
PERT preparations was a potential consideration
in the USA before the introduction of the newly
approved PERT preparations, as noted earlier in
this review. With the new preparations, this is
not expected to be an issue.

In compliant patients who do not respond
to PERT, increasing the dose twofold and
decreasing the amount of fat in meals may be
an option in non-CF patients with EPL. Patients
with FPI commonly have lower pancreatic
bicarbonate secretion, which may become
insufficient, resulting in a pH level in the
duodenum and small intestine that is too low
for adequate dissolution of the PERT enteric
coating.26673 While bicarbonate transport is
difficult to treat, intestinal pH can be raised
to optimize PERT dissolution by increasing
the pH of gastric secretions flowing into the
duodenum. Furthermore, increasing duodenal
pH may reduce the precipitation of bile salts.
Thus, if symptoms of maldigestion persist,
adding an H, receptor antagonist or a proton
pump inhibitor may be beneficial in improving
PERT efficacy,’67® as is currently prescribed in
pattents with CF. If all of the above fail, other
digestive conditions that may interfere with
intestinal absorption should be considered, such
as bacterial overgrowth, giardiasis, celiac disease,
or blind loop syndrome after gut surgery.”*% A
complete medical assessment is needed in the
absence of clinical improvement.

POTENTIAL RISKS OF PANCREATIC
ENZYME REPLACEMENT THERAPY

Fibrosing Colonopathy

FC is a painful condition characterized by
shortening and fibrosis of the colon,” and is

a recognized gastrointestinal complication

seen almost exclusively in patients with CF

Littlewood® characterized this condition as:

“Severe submucosal thickening by mature

fibrous connective tissue

s Intraluminal fusiform narrowing but with
little change in the external bowel diameter,
mainly in distal caecum and ascending

L]

colon

¢ Loss of haustral pattern sometimes with a
‘cobblestone’ appearance of the intestinal
epithelium, although the epithelium is
generally intact but with some localized
defects. Altered architecture suggests there
has been repair of previous damage

e Little or no evidence of inflammation or
other lestons suggesting Crohn's disease.
Some slight inflammation and fat around
blood vessels

¢  The small bowel is not involved

« A few patients have chylous ascites.”

FC symptoms include abdominal pain,
diarrhea, hematochezia (bloody stools}, and,
in some cases, partial or complete abdominal
obstruction where significant narrowing or
stricture has occurred. Treatment of FC ranges
from reduction in excessive doses of pancreatic
enzymes to surgery (eg, partial or total colonic
resection).

The first reported case of FC in the USA
occurred in 19913 and five cases occurring in
Europe had been reported by 1993.** The only
apparent common factor in these cases was a
switch from standard- to high-strength PERT.
Before PERT dosing guidelines were established
in 1995, more than 60 cases were reported
worldwide ® Despite the voluntary withdrawal
of high-strength formulations by manufacturers
in early 1994, and the 1995 CF Consensus
Conference recommendations that daily dosages
should not exceed 10,000 1U lipase per kg body
weight,?? 37 cases of FC had been identified

in the USA alone between 1995 and 1999.%
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Early reports of FC in the USA led the CFF in
collaboration with the FDA to perform a case-
controlled study to investigate FC.* This and
another case-control study showed a very strong
association with the use of high doses of both
standard- and high-strength PERT, usually over a
prolonged period of time,'®*! Other possible risk
factors identified for FC in one case-controlled
study included previous intestinal surgery,
meconium ileus, distal intestinal obstruction
syndromé, and use of H, receptor antagonists,
corticosteroids, and recombinant human
DNase,

The underlying pathogenesis of FC remains
unclear and mechanisms other than previous
exposure to high doses of PERT are under
discussion. According to the current literature, an
association between FC and intake of methacrylic
acid copolymer (Eudragit®, Evonik Rohim GmbH,
Darmstadt, Germany) cannot be ruled out. This
compound is sometimes a component of the
enteric coating for drug products, including
some PERT products and mesalazine.?% In
2002, a review of the use of PERT products
stated that the continued occurrence of FC in
the CF population emphasized the need for close
monitoring of PERT dosing and adherence in
patients with CE®

Although FC occurs predominantly in
children, it has been reported in adults,¥* FC
occurred in one adult with CF long after stopping
high-dose enzyme preparations®® and, rarely, has
occurred even in the absence of PERT, suggesting
that it might be a complication of CF, rather than
just a result of PERT use.?»®” In this context it
should be noted that fibrosis of internal organs,
particularly the pancreas, liver, and bile ducts,
is inherent in the CF disease process,®*! and
an increased prevalence of CF transmembrane
receptor mutations has been found in patients
with primary sclerosing cholangitis,® a disease
characterized by progressive inflammation and

fibrosis of the bile ducts. In a trans-abdominal
ultrasound study assessing 83 patients with CF
and 31 control subjects, a slight but significant
gut wall thickening in both adults and children
with CF was observed compared with controls.”
There was no association of wall thickness
with intake of high-strength enzymes, enzyme
dosage, age, or sex. These findings are often
mirrored in clinical practice in children with CE
Nevertheless, use of PERT at doses recommended
by the CF consensus guidelines??* remains
essential for most patients with CE

Overall, review of cumulative data and
widespread exposure to CREON in the market
suggests that FC is an extremely rare event,
although continued monitoring is important. In
line with a FDA requirement for all US-approved
PERT products, the manufacturer of CREON will
conduct a 10-year observational study looking at
the incidence of and risk factors associated with
FC in patients with CF in the USA (this is a class
reqtiirement for all PERT manufacturers).

Potential for Viral Transmission

The active ingredient of CREON, pancrelipase,
is a mixture of digestive enzymes extracted from
porcine pancreas glands harvested from pigs
raised and slaughtered for food production.
However, as with all porcine-derived PERT
products, the possibility of contamination of the
starting material with swine viruses capable of
infecting humans has to be considered.

During manufacture, reduction of viral
pathogens starts with meticulous sourcing of
the raw material, specific measures to reduce the
introduction of viruses into the raw material,
and steps in the manufacturing process to
inactivate or remove viral contaminants. In
compliance with national and international
guidetines for slaughterhouses, only pancreatic

- glands from animals released fit for human
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consumption are used. The manufacturing
process is carried out according to Good
Manufacturing Practices and complies with
relevant guidelines.””®® Viral safety of the
medicinal product is ensured by correct
sourcing of the material, the validated
manufacturing process, and testing of the active
pharmaceutical ingredient (pancrelipase).

The pancrelipase manufacturing process
is highly effective in inactivating enveloped
viruses; however, it does not reduce all non-
enveloped virus loads to the same extent. For
non-enveloped viruses where contamination is
a possibility, each virus is assessed individually
as to the potential risk to patients. Testing is
carried out for potentially zoonotic porcine
viruses that may not be inactivated by the
manufacturing process, with the rejection of
positive batches.

Currently, the swine hepatitis E virus
(HEV) is the only one of four non-enveloped
viruses that is known to be zoonotic and could
theoretically be a risk to humans. Previously,
HEV infection in humans was thought to be
primarily waterborne, occurring mainly in
developing countries with poor sanitation.
However, it is currently recognized that
soonotic transmission of HEV from swine
and other animals can occur in both the
developing and industrialized world. Swine
HEV can be transmitted to humans by eating
raw or undercooked swine livers and intestines,
and by direct contact with infected animals.!%
Epidemiological data from blood donors in
the USA and Europe show a seroprevalence
for anti-HEV of 296-21%.01192 In general, HEV
causes a self-limiting disease and patients
typically recover without sequelae within
2-4 weeks. Hepatitis E can present with the
typical symptoms of viral hepatitis very
similar to hepatitis A, but many cases arc

subclinical 2% It was previously thought

that HEV (mostly genotype 1) was associated
with a high mortality rate in pregnant women,
particularly in certain geographic areas;
however, more recent studies and laboratory
data suggest that this may not be the case.'®
In addition, humans are the natural host for
genotype 1 and it does not infect swine,1%0:10

CREON clinical and safety databases have
been reviewed to look for potential HEV cases.
Taken together, no clinically retevant risk could
be identified in terms of CREON intake and
any lver diseases. In particular, no association
between CREON and potential HEV infections
could be established. Database review has
limitations in risk detection; however, given
that HEV is not found in pancreatic cells,'®
together with the implementation of appropriate
mitigation steps for HEV contamination in the
production process, it is considered unlikely that
a causal relationship between CREON intake and
HEV infection exists.

In summary, the manufacturer of CREON has
instituted measures to minimize the potential for
zoonotic agents in the source materials, inactivate
many such agents that may be present, and
screen the finished product for those considered
potentially resistant to inactivation. In addition,
no safety concern regarding unexplained viral
illness has been identified with over 20 years’
exposure history of CREON products, Therefore,
the risk of viral lilness associated with CREON
is considered theoretical at the present time. As
with any products derived from animal tissues,
the potential risk for infectious disease due to
the transmission of an infective agent cannot be
totally excluded. In this light, the manufacturer
will remain vigilant and will conduct a 10-year
observational study to look at viral transmission
of selected viruses in the CREON product, in line
with the FDA requirement for all manufacturers
of US-approved PERT products to carry out

~such studies.
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CONCLUSION

PERT is the standard treatment for EPL
[t remains essential in patients with CF to
maintain adequate nutrition and normal
growth status, and in some patients with
CP or post-PS to prevent malnutrition and
excessive weight loss. PERT products are
available worldwide and are regutated in many
countries, most recently in the USA following
a FDA mandate for all PERT manufacturers to
submit new drug applications. CREON has
been available in Europe since 1984 and in
the USA since 1987 in various formulations
for the treatment of EPL; a new FDA-approved
formulation of CREON is now available in the
USA. Extensive clinical experience and clinical
studies have confirmed the efficacy and safety
of CREON in patients with CF, CP, and post-PS,
including children aged <7 years. In clinical
studies, consistent improvements in fat and
nitrogen absorption, stool frequency, and
clinical symptoms have been shown compared
with placebo or baseline. CREON appears to
be well tolerated regardiess of patient age,
with few withdrawals due to TEAEs and a low
frequency of treatment-related TEAES in clinical
studies. No safety issues have been identified
with the various CREON formulations based
on global post-marketing surveillance data
collected since 1984. As requested by the FDA,
all PERT manufacturers in the USA are now
carrying out studies to investigate further
the incidence and risk factors associated with
the rare gastrointestinal complication, FC, in
patients with CF, and also the theoretical risk
of viral transmission from porcine-derived
PERT products; these studies will add to the
existing evidence for a good safety profile of
PERT products. Together the data suggest a
very favorable risk-benefit profile for CREON
in the treatment of EPL
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Abstract Background: Exocrine pancreatic insufficiency (EPI) is a deficiency of diges-
tive enzymes caused by diseases such as cystic fibrosis (CF). Patients with EP}
due to CF require pancreatic enzyme replacement therapy (PERT)in order to
maintain adequate nutrition. A new formulation of pancrelipase delayed-
iclease capsules (CREON®) recently received US FDA approval and has
demonstrated efficacy and safety in patients with CF aged =7 years.
Objectives: The objectives of this study were to observe the safety and toler-
ability of new formulation pancrelipase delayed-release capsules (study drug)
versus the standard of care PERT (standard therapy) in children aged
<7 years with CF and EPI. Secondary objectives were to assess the ease of
accurate dosing of study drug, monitor clinical symptoms and compare the
efficacy of both treatments.

Methods: This was an open-label, multicentre, single-treatment-arm study in
children aged <7 years with a confirmed diagnosis of CF and EPL After the
screening period (approximately 14 days), all patients entered a 3-day as-
sessment period on their usual PERT (standard therapy), followed by the
study drug treatment phase (10-14 days; target dose 8000 lipase unitstkg
bodyweight/day), which included a second 3-day assessment period. The
safety and tolerability of both treatments were documented by recording
adverse events (AEs}). Clinical symptoms {mean daily stool frequency,
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abdominal pain, stool consistency and flatutence) were monitored and ease of
accurate dosing, as judged by caregivers, was reported. Efftcacy was de-
termined by comparison of percent stool fat in spot stool samples collected
during both 3-day assessment periods.

Results: Of the 19 patients who had informed consent from their parent/
legally acceptable representative, one was withdrawn as a screen failure and
was excluded from the safety and efficacy analyses; thus, 18 patients com-
pleted the study. The median age (range) was 23 (4-71)} months and 13 (72%)}
were male. During study drug treatment, patients received a mean +SD dose
in lipase units/kg bodyweight/day of 754211335 versus 69663392 on
standard therapy. Overall, nine (50%}) patients had at least one treatment-
emergeni AE (TEAE) whilst receiving either treatment. All TEAEs in this
study were reported as mild and none resulted in patient discontinuation. The
caregivers had a slight preference for study drug over standard therapy in
terms of ease of accurate dosing: six (33.3%) caregivers thought the study
drug was easier to dose while only one (5.6%) thought the study drug was
harder to dose than standard therapy. Clinical symptom assessment results
were similar between treatments. There was no clinically meaningful differ-
ence {significance not tested) between study drug and standard therapy in the
mean+ 8D percent of stool fat: 28.149.9 and 27,9+ 8.9, respectively.
Conclusion: In this study in children aged <7 years with EPI due to CF, the new
formulation pancrelipase delayed-release capsules (CREON®) were clinically
comparable with standard therapy in terms of safety, tolerability and efficacy.

introducthion

Exocrine pancreatic insufficiency (EPI) is an
inability to digest food adequately secondary to a
lack of digestive enzymes secreted by the pan-
creas, It has multiple causes but is most com-
monly seen in cystic fibrosis (CF)!"-3 and chronic
pancreatitis (CP).[**®1 The symptoms of EPI in-
clude steatorrhoea, diarrhoea, abdominal pain
and excess flatulence, and the disorder canlead to
a deliciency of fat-soluble vitamins and uitimately
malnutrition and a failure to thrive in children,[”)
Most patients with CF suffer from EPI from
birth.[8]

Better nutritionat status in CF correlates with
better pulmonary function and improved survi-
val.! Patients with CF have increased caloric
needs compared with non-CF individuals because
of a higher basal metabolic rate and loss of in-

gested calories due to maldigestion,) Therefore,

© 2010 Alis Data Information BY. Allights reserved. 07

effective treatment of EPI is essential to ensure
optimal growth status in children and maintain
adequate nutrition status in adults.”) EPI is gen-
erally treated with pancreatic enzyme replace-
ment therapy (PERT),I and the correct dosing
of PERT is critical for the effective treatment of
EPI and to avoid potential complications such as
fibrosing colonopathy.!°! Consensus-based guide-
lines recommend that PERT dosing should begin
with 1000 lipase units/kg bodyweight/meal for chil-
dren aged <4 years and with 500 lipase units/kg
bodyweight/meal for those aged >4 years.>!!
The recommended dosing range for children and
adults is 500-2500 lipase units/kg bodyweight/
meal not exceeding a total of 10000 lipase units’kg
bodyweight/day.]

Enteric-coated formulations were developed
to protect PERT preparations during passage
through the stomach because, in powder form,

conventional formulations are rapidly inactivated
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by gastric acid.['*! Enteric coatings are frequently
used in many medicinal products, for example
with proton pump inhibitors to protect the active
ingredient from gastric acid and with aspirin
(acetylsalicylic acid) to protect the stomach from
the active ingredient. PERT is delivered as enteric-
coated microspheres, administered in gelatin
capsules that dissolve in the stomach, thus
allowing rclease of enzymes in the duodenum at a
favourable intestinal pH (=5.5). Studies have
shown that these delayed-release formulations
improve fat absorption compared with conven-
tional formulations.[1*17]

For over 20 years, porcine-derived pancreli-
pase (pancreatin) delayed-release capsules, Uni-
ted States Pharmacopeia (CREON®, Solvay
Pharmaceuticals, Inc. [now part of Abbott],
Marietta, GA, YUSA), have provided essential
PERT for treating maldigestion due to EPL
Historically, the efficacy and safety of pancreli-
pase in CF18 and CPUII patients with EPT have
been reported in placebo-controlled studies. In
addition, the results of an open-label study®” and
a randomized study[?!l that investigated pancre-
lipase in very young infants (aged <3 years) with
EPI due to CF have been published. For many
years, PERT products in the US were on the
market, but not approved. In addition, PERT
products previously on the market had varying
degrees of enzyme overfill to account for product
decomposition. As a result, the labelled lipase
content was ot necessarily the actuat lipase con-
tent. This could make for difficulties titrating some
patients on PERT. Therefore, the US FDA man-
dated that all PERT products require evidence re-
garding efficacy and safety shown in well designed
clinical studies and that the lipase content on the
label is consistent and accurate.1??!

A new formulation of pancrelipase delayed-
release capsules (CREON® 6000-, 12000- or
24 000-lipase unit capsules; Solvay Pharmaceuti-
cals, Inc. [now part of Abbott]) has recently been
approved by the FDA for the treatment of EPL
These capsules coatain enteric-coated pancreli-
pase spheres (0.7-1.6mm in diameter) for oral
administration.”?! In virro studies investigating
enzyme activity, gastric resistance and dissohr-
tion profiles have shown that new formulation

| @2010Adss Data Information B, All ights teserved.

pancrelipase delayed-release capsules are phar-
maceutically comparable to previous formula-
tions.? FDA approval was primarily based on
the results of a randomized, double-blind, cross-
over, placebo-controlled study, which reported
that pancrelipase delayed-release 24 000-lipase
unit capsules had greater efficacy than placebo in
improving primarily fat and protein digestion
and clinical symptoms in patients aged =212 years
with EPI due to CF.” Studies of this new formula-
tion pancrelipase have also been conducted in the
paediatric population in CF patients with EPL. A
randomized, double-blind, two-period, crossover,
placebo-controlled, multicentre study reported
that pancrelipase delayed-release 12 000-lipase
unit capsules were effective and safe in patients
aged 7—11 years with EPI due to CF .28

In this publication we report the results of an
open-label, multicentre study assessing the safety
and tolerability of new formulation pancrelipase
delayed-release capsules in infants and children
aged <7 years with EPI due to CF. This study
design differed from the previous studies in that it
was not randomized, double-blind or placebo-
controlled, as such a design posed risks to the
vulnerable population investigated. The main
objective was to address the safety of the new
formulation in the younger paediatric popula-
tion. Secondary objectives were to assess the ease
of accurate dosing of pancrelipase, and efficacy
using spot stool fat measurements. An open-label
design was used for this study due to the difficulty
in blinding the pancrelipase/standard therapy
products. This is the first reported study of the
new formulation of pancrelipase delayed-release
capsules in a paediatric population aged <7 years.

Patients and Methods

This was an open-label, multicentre, single-
treatment-arm study to assess the safety and tol-
erability of a new formulation of pancrelipase
delayed-release capsules (study drug) in infants
and children aged <7 years with a confirmed
diagnosis of CF and EPL It was performed at
nine centres across the US between 15 April 2009
and 29 June 2009 (study number NCT00775528).
The study was conducted in compliance with

Cln Drug Investig 2010; 30(6) - .
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Good Clinical Practice and applicable national
regulations, and was approved by the Institu-
tional Review Board/Independent Ethics Com-
mittee at each site.

Objectives

The objectives of this study were to observe the
safety and tolerability profile of the study drug
compared with the standard therapy that the
patients were receiving at study enrolment. The
safety objectives were to assess short-term safety
and tolerability, with the folowing measurements
obtained: vital signs; bodyweight; physical exam-
ination findings; and recording of adverse events
(AEs). The secondary study objectives were to
assess the ease of accurate dosing of study drug
compared with standard therapy and to compare
efficacy with regard to the percent fat from spot
stool samples collected during two 3-day assess-
ment periods. This was an exploratory study to
test the hypothesis that the study drug would be
clinically comparable with standard therapy.

Study Design

The study design is shown in figure 1. During
the screening visit, patients were evaluated for

their eligibility to enrol in the study while re-
maining on all of their usual therapies and their
standard PERT. Assessients performed at screen-
ing included a physical examinaiion (height,
bodyweight and oral mucosa examination), mea-
surement of vital signs, measurement of pan-
creatic faccal elastase (if not performed within the
previous 12 months) and a review of the patient’s
medical history, concomitant medication and
demographic data. Eligible patients continued on
the same dose of standard therapy and entered
the first 3-day assessment, which was performed
3 days prior to baseline and involved clinical
symptom assessment and recording of dietary
and fat intake, enzyme dosing and AFs. Stool
frequency was also recorded and at least one
complete bowel movement was collected on each
of the 3 days to enable measurement of percent
stool fat. At baseline, bodyweight, vital signs,
concomitant medication and AEs were recorded
in order to monitor any changes occurring since
screening, The following day, all patients received
study drug in the treatment phase of the study,
which lasted 10-i4 days. Three days before the
end of treatment, a second 3-day assessment period
was scheduled; during this time the same para-
meters as measured while patients were on standard

-21 days 10-14 days 5-7 days
Standard » Study s ¢ Standard
therapy drug therapy

a Performed 3 days prior 1o baseline.
b Performed 3 days prior {o end of treatment.

Fig. 1. Study design. AE=adverse event.
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therapy were evaluated for patients receiving
study drug. Ease of accurate dosing was assessed
at the end of treatment along with a physical
exantination, evaluation of vital signs and a re-
view of concomitant medication and AFs. Fol-
lowing the end of treatment, patients resumed
their standard therapy and received a follow-
up safety phone call for an update on any AEs
5-7 days later. This study was performed while
patients continued taking all of their usual CF
therapies at home. Stool samples were generally
collected at home and patients visited the clinics/
research units to undergo examinations.

Patients

Written informed consent signed by the
patient’s parents or legally acceptable represen-
tative was required at screening before any study-
related procedures were performed. A confirmed
diagnosis of CF by two sweat chloride tests
>60 mEq/L or gene analysis with two known CF-
causing mutations was necessary for all patients.
EPI was established by a human faecal elastase
value of <50 ng/g stool, measured within the past
12 months. Patients were required to be aged
I month to <7 years and weigh a minimum of
3.75kg. Patients were also required to be receiv-
ing treatment with a commercially available
PERT product (no limitations on the type of
PERT used were applied) at a stable dose and
have a clinically stable condition without evi-
dence of acute respiratory disease or any other
acute condition. Patients were excluded if they
had severe medical conditions that might limit
participation in or completion of the study, or if
they had recently undergone major surgery (ex-
cluding appendicectomy). Also excluded were
patients with: a history of fibrosing colonopathy
or distal ileal obstruction syndrome; ilens or
acute abdomen; malignancy in the digestive tract;
HIV infection; a medical need for the use of im-
munosuppressive drugs; known allergy to pan-
crelipase (pancreatin) or the inactive ingredients
of pancrelipase delayed-release capsules; or ex-
posure to an experimental drug within 30 days of
the study start. Patients were also excluded if they

"' @ 2030 Adis Data information BV, All fights reserved.

were believed to be at risk from caregiver non-

adherence or an inability to complete the study as
designed.

Intake of any oral pancreatic enzyme pre-
paration in addition to the study medication was
not permitted during the study; however, PERT
prescribed as part of the patient’s standard med-
ical care (standard therapy) was taken until the
start of study drug treatment. Concomitant medi-
cations including stomach acid reducers, gastro-
intestinal tract motility agents or bile secretion
modulators could be used, providing the med-
ication was commercially available and was pre-
scribed according to the recommended dose. It
was necessary for the medication to be taken by
the patient for at least 4 wecks prior to the study
start, at a stable dose with no dosing changes al-
lowed during the course of the study. During the
study, all medication taken by the patient, except
for the study drug, was recorded on a concomi-
tant medication form.

Treatment

The patients received standard therapy at their
usual dose until the day after the baseline assess-
ments were performed. The study drug was given
as 3000-, 6000- and 12000-lipase uni{ capsules
and the correct number of capsules to be con-
sumed was calculated to provide 8600 lipase
units’kg bodyweight/day without exceeding the
maximum lipase dose of 10000 lipase units’kg
bodyweight/day. Patients who were on a higher
lipase dose before the study were treated with this
dose providing it did not exceed 10000 lipase
units/kg bodyweight/day. The targeted dose was
within the recommended range according to
consensus CF guidelines.” 'Y The study drug was
administered in divided doses with meals, Cap-
sule contents were sprinkled onto apple sauce if
the patients could not swallow the capsules. Par-
tial capsule doses were not permitted for study
drug treatment; however, if a patient was using
partial doses of standard therapy capsules this
was continued during the study. The combina-
tion of capsule strengths needed to achieve accu-
rate dosing based on the patient’s weight, caloric
requirements, number of meals and meal fat
content consumed each day was determined by
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the study site and caregiver together. Patients
were considered adherent if the mean daily study
drug dose for the 3-day assessment period was at
jeast 6400 lipase units/kg bodyweight. Adherence
was assessed by comparing the quantity of un-
used, partly used or empty bottles returned to the
investigator against the dosing regimen of 8000
lipase unitstkg bodyweight/day at each visit.

Safety Evdluation

Safety measures included recording of AEs ac-
cording to the Medical Dictionary for Regulatory
Activitics {(MedDRA) thesaurus, measuring vital
signs and physical examination. For standard
therapy, AFs that started at or after screening but
before the first dose of study drug were recorded;
for study drug, AEs were recorded with a start
date on or after the date of first study drug dose
but within 1 day after the last dose of study drug.

Bodyweight was recorded in triplicate using a
calibrated scale at screening, baseline and at the
end of treatment according to the standardized
procedure ‘Body Weight Process’ in the study
manual provided to each site. Mean values were
recorded; available values were used if it was not
possible to obtain all three measurements.

Outcomes and Efficacy Assessments

Patients received a normal home diet, and the
food consumed during both 3-day assessment
periods was recorded by the caregiver in the form
of a dietary diary. Home enzyme dosing for
PERT during both 3-day assessment periods was
recorded in a pancreatic supplement diary by the
caregiver. Caregivers were instructed to maintain
a diet during the study drug treatment phase as
close as possible to that of the screening period.

At the end of treatment, investigators asked
the caregivers to provide their opinion on the case

of accurate study drug dosing compared with the

standard home therapy (standard therapy) based
on the following scale: easier than standard
therapy; the same as standard therapy; and
harder than standard therapy.

Clinical symptom assessment was performed
in the evenings of each of the 3-day assessment
periods. The parameters assessed were: stool

| ©2010 Adis Data information BV, Al ights feserved. R

frequency (number per day); stool consistency
(0=hard, 1 =formed/normal, 2= soft, 3=watery);
flatulence (0=none, [=mild, 2 =moderate, 3=
severe); and abdominal pain (0=none, 1 =mild,
7 =moderate, 3 =severe). Scores were recorded in
a clinical symptom assessment diary by the care-
giver, Abdominal pain was assessed in a verbal
manner only in patients capable of discriminating
intensity in an accurate manner. Therefore, not
all patients were asscssed for abdominal pain and
the investigator decided at screening whether this
symptom should be measured in each individual
patient.

At least one complete bowel movement was
required to be collected on each of the 3 days of
the assessment periods but caregivers were in-
structed to collect as many as possible for the
stool fat analysis. Stool fat analysis was per-
formed by Mayo Clinical Trial Services, Roche-
ster, MN, USA using validated methods.?? The
stool fat content was calculated for each patient
during cach assessment period and expressed as
fat percent of dry solid weight per bowel move-
ment. The mean daily fat and calorie intake was
calculated by the site dietician using standard
resources based on the quantity and type of food
consumed,

Statistical Methods

The safety sample consisted of patients with
informed consent who had reccived at least one
dose of study drug, and was used for the analysis
of safety data. AEs were reported ona per-patient
basis. All other analyses were performed on the
full analysis sample, which consisted of patients
who were included in the safety sample and had
data for at least one post-baseline assessment.
The baseline period was defined as the period
from informed consent to the first study drug
administration, and the baseline value was defined
as the last non-missing value collected before the
first study drug administration. The endpoint
value for treatment was defined as the lfast non-
missing value assigned to that treatment for the
patient. Percentiles and Z-scores at screening
were calculated for predicted height, bodyweight
and body mass index (BMI) according to Centers
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for Disease Control (CDC) standards for the
healthy paediatric population.?*?! Efficacy was
determined by comparison of standard therapy
and study drug in terms of percent fat content of
spot stool samples collected during the two 3-day
assessment periods. The fat content of stool
samples, clinical symptom assessment and case of
accurate dosing variables were summarized by
standard descriptive methods. No inferential
statistical analyses were performed for this study.

Sample Size

This was a descriptive and exploratory study;
the sample size of 18 patients was not based on a
statistical power calculation. Five sub-groups

based on patients’ age were defined for enrolment .

purposes: 1-6 months; >6-12 months; >12-24
months; >24-48 months; and >48 months to
<84 months of age. At least three patients were
enrolled in each age sub-group with no more than
four patients in any group.

Results

Demographics and characteristics at screening
for patients who received the study drug are
shown in table I. Of the 19 patients who had in-
formed consent from their parent/legally accept-
able representative, one patient failed screening
{due to faecal elastasc above the inclusion criter-
ion limit); therefore 18 patients were enrolled.
The median age (range) was 23 (4-71) months
and the patients were predominantly male (13/ 18;
729). Ali patients had either a current or histor-
ical (within 12 months) faeca} clastase value of
<50 ug/g stool. At screening, all patients provided
a full medical history and of note were two
patients {11.1%) with Pseudomonas aeruginosa
colonization in their respiratory tract and five
patients (27.8%) with a history of meconium ileus
at birth.

To assess any changes that may have occurred
from screening to baseline while on standard
therapy, the paticnts’ weight and BMI were
measured again at baseline and remained rela-
tively stable: mean £SD weight 12.3 +4.5 kg and
mean +SD BMI 16.4+ 1.4 kg/m?. Percentiles and

" © 2010 Adis Data Information BV, All ights reserved.

Table |. Patient damegraphics and characteristics at screening®®

Variable All patients {n=18}
Age, mo [medlan (range)] 23.0 (4-71}
Males [n (%)] 13(72)
Race
White [n (%)] 18 {100}
Height {m} 0.86+0.17
percentile predicted height by age 53.4130.1
Z-score predicted height by age 0.13+0.85
Bodyweight (kg} 12.214.8
percentile predicted bodywelght by age 427250
Z-score predicted bodyweight by age -0.28+0.98
BMI® (kg/m?) 16.1£1.5
percentile predicted BMI® by ags 52.6127.4
Z-sc0re predicted BMI® by age 0.10:0.87

a  Values are expressed as mean+ S50 unless otherwise specified.

b Percentiles and Z-scores were calculated accerding to the
Centers for Disease Control slandards for the healthy paediatric
population, 2829

¢ n=9{BMI not measured for children aged <2 yearsh
BMI=hody mass index.

7.scores calculated for predicted height, weight
and BMI according to CDC standards for the
healthy pacediatric population are shown in table L.
Concomitant medication was assessed through-
out the study. During both the standard therapy
and study drug periods cight patients (449%) were
on acid-suppressing medication and one patient
(5.6%) was on the gastric motility agent meto-
clopramide.

During the 3-day study drug assessment
period, 14 patients (77.8%) were considered ad-
herent to the study medication (i.e. they received
at least 6400 lipase units/kg bodyweight/day).
During the entire 12-day dispensing period,
83.3% of patients were 80-120% adherent to the
study drug treatment, and the overall mean ad-
herence was 97.2%. One patient exceeded the
protocol-defined maximum daily dose of 10000
fipase units/kg bodyweight, and had a mean daily
dose of 11064 lipase units/kg bodyweight during
the 3-day study drug asscssment period. There
was a greater exposuré to standard therapy ver-
sus study drug during the stady as there was a
longer treatment period due to the prolonged
screening phase: mean®SD number of days
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exposed to treatment 18.2:+4.9 versus 12.6+1.2
(table TI).

During the 3-day assessment periods, a slightly
lower mean+SD dose in lipase units’kg body-
weight/day was received on standard therapy
compared with study drug; 696613392 versus
7542+ 1335, However, the mean+SD doses re-
ceived on standard therapy compared with study
drug in lipase units/g fat intake/day were similar:
2366+ 1772 and 2432+ 1495, respectively. The
standard therapy dose distribution in lipase
units/kg bodyweight/day was more skewed than
that of study drug with median values of 6066
and 7538, respectively, Nevertheless, the actual
dose received for study drug was close to the
targeted dose of 8000 lipase units/kg body-
weight/day. It should be noted that during the
standard therapy phase patients received their
usual standard therapy at their usual dose and the
use of partial capsules was permitted.

Safety and Tolerability

All TEAESs are listed in table II1. Overall, nine
patients (50%) had at least one TEAE dwring
each treatment phase. No patients discontinued
the study due to TEAEs. The only TEAE judged
possibly related to treatment by the investigator
at the site was a diaper rash in one patient oc-
curting during the study drug treatment phase.
All TEAEs in both treatment groups were judged

by investigators to be mild in severity, No serious
AEs occurred and there were no deaths.

Clinical symptom assessment (abdominal pain,
stool consistency and flatulence) and mean daily
stool frequency during each 3-day assessment period
on study drug and standard therapy suggested
clinical equivalence for both treatments (figures 2
and 3). There was slightly more day-to-day vari-
ability (significance not tested) in mean daily stool
frequency when patients were receiving standard
therapy compared with study drug.

Vital signs remained relatively stable from the
beginning to the end of the assessment periods for
both study drug and standard therapy. Body-
weight and BMI data are shown in table IV,

Ease of Accurate Dosing

Ease of accurate dosing on study drug was
assessed by the caregivers at the end of treatment
and the data appeared to show a slight preference
for study drug over standard therapy (table I1).

Efficacy

The study drug and standard therapy were
clinically equivalent in terms of fat absorption:
mean + SD spot stool fat percent values obtained
during the 3-day assessment periods were
28.1£9.9 and 27.9+8.9, respectively (table V).
Fat intake and total calorie intake were similar

Table Il. Duration ard freatment dose for study drug and standard therapy and ease of accurate dosing of study drug

Variable Study drug (n=18) Standard therapy (n=18)
Duration of exposurs to freatment {(mean+S8D)
number of days 126£1.2 18.2+4.9
Dose® (mean + 8D} .
lipase units/kg bodyweight/day 7542+ 1335 686613392
lipase unitsfg fat intake/day 243241495 2366+ 1772
Ease of accurale dosing® n (%)]
easier than standard therapy 6 {33.3) A
sarne as standard therapy 11 {61.1) N/A
harder than standard therapy 1 {5.6) N/A

a Measured during each 3-day assessment period.
b Assessed by carsgiver at end of study drug treatment.

N7A =not applicable.

. .@ 2010 Adis Dota Information BV. Al ighls reserved. -
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Table Ill. Incidence of all ireatment-emergent adverse svents {TEAEs)®

Adverse avent Study drug Standard therapy
{n=18) (n=18)
Any TEAE 9 (50) 9 {50)
Serious TEAE Q a
Discontinuation due to TEAE ] 4]
Severe TEAE o] Q
Treatment-related TEAE 1 (5.6) 0
Eye disorders 0 1 (5.6)
conjunctivitis 0 1 (5.6)
Gastrointestinal disorders 2{11.1) 2{i1.1)
teathing o 1 (5.6}
diarrhoea 1 (5.6) 0
abdominal pain, upper 0 1{5.6)
vorniting 1{5.6) 0
Generat disorders 2{11.1} 2{11.1)
pyrexia 1 (5.8) 2(i1.1)
irritability 1 {5.6) 0
Infections and infestations 5(27.8} 4 (22.2)
skin Candida 1 {5.6) 0
otitis media® 3(16.7) i (5.8)
otitis media, actite t {5.6) 1 (5.6
bronchitis 1 {5.6) ) 4]
upper respiratory tract infection ] 2{(11.1)
viraf infection [ 1{5.6)
Metabolism and nutrition disorders 1 {5.8) 0
decreased appetite 1 {5.6) 0
Resplralory, theracic and mediastinal disorders 2{i1.4) 3 (16.7)
cough 2(11.1) 2{11.1)
thinosthoea 1 (5.6) 1({5.6)
Skin and subcutaneous tissue disorders 1(5.8) 1{5.6)
dermalitls, diaper 1{5.6)° 1 (5.8}

Values are expressed as no, (%) of patients.

Only one patient experienced the same TEAE of olitis media {(at the MedDRA preferred term level} on both study drug and standard
therapy; however, these evenis were originally coded differently by the investigator as right ofitis media and bilateral ofitis media,

respectively.

¢ TEAE considered possibly refated to study drug treatment as judged by investigator.

during the study drug and standard therapy as-
sessment periods {table V).

Discussion

The results of this small, descriptive and ex-
ploratory study showed that new formulation
pancrelipase delayed-release capsules produced
similar safety and tolerability results compared

with standard therapy in children aged <7 years,

© 2010 Adis Data information BV, Adl rights reserved.

adding to the data on the safety and efficacy re-
ported in patients with CF aged >7 years.*261 No
clinically meaningful differences were observed
between the two treatments.

Although one patient taking study drug had a
TEAE of diaper rash judged by the investigator
to be possibly treatment related, it is unclear
whether this was truly a related TEAE, given
the high incidence of diaper rashes in this popu-
lation and the minimal clinical experience and
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published literature on diaper rashes related to
PERT. No serious TEAEs were recorded; no
discontinuations occurred due to TEAEs and all

Patients (%)

Patients (%)

Patients (%}

Fig. 2. Clinical symptom assessment [(a) abdominal pain, {b) stool co
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standard therapy during the separate 3-day assessment pericds.
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TEAFs reported in this study were judged by the
investigators as mild. The safety of PERT has
been established over years of clinical experience
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B Study drug {n=18)
O Standard therapy {n=18)

Mean daily steol frequency

Day 2 Day 3

Day 1

Fig. 3. Mean {SD) daily slool frequency for patients trealed with
study diug and standard thesapy during the separate 3-day assess-
ment pariods.

and the results obtained from this short-term
study do not suggest otherwise.

During the 3-day assessment period, the target
dose was almost achieved for the study drug. No
target dose was set for standard therapy as
patients received their usual dose. The high vari-
ability in doses given limits the conclusions that
can be drawn from comparing the dose received
for study drug versus standard therapy. The cal-
culated lipase dose was higher on the study drug
compared with standard therapy. The new for-
mulation study drug capsules are manufactured
with a lipase activity at strictly 100% of the label
claim; however, information regarding the level
of potential under- or overfill in terms of lipase
activity was not available for the standard ther-
apy capsules. Thus, adherence to the recommen-
ded dose, which was based on consensus CF
guidelines, ! was confirmed in 15 of 18 patients
receiving the study drug, but could not be con-
firmed while receiving standard therapy because
the amount of overfill was unknown. This is of
relevance to the concerns regarding the associa-
tion of colonic strictures with high PERT doses.
Adherence was high (78%) for study drug during
the 3-day assessment period; however, mean
overall adherence was close to 100% over the
whole 12-day dispensing period. The study drug
was no more difficult to dose accurately than

standard therapy; in fact, the caregivers leaned

] @ 2010 Ads Data Information B, All rights re;enred. I

stightly in favour of study drug for ease of accu-
rate dosing, which is probably related to not
having to divide up capsule contents.

The stool frequency and clinical symptom as-
sessment data (abdominal pain, stool consistency
and flatulence) showed that the study drug was
clinically equivalent to standard therapy in terms
of symptom control. Measurement of fat in spot
stool samples indicated that faecal fat was rela-
tively high during treatment with study drug and
standard therapy, and there was no clinically
meaningful difference between (reatments;
mean +SD percent fat values of 28.1£9.9 for the
study drug and 27.9+8.9 for standard therapy
were recorded. These values are probably in-
dicative for the paediatric CF population as a
whole and, despite these data, most patients with
CF grow refatively normally. Although there are
1o published data on how percent stool fat values
relate to the commonly used outcome measure
of coefficient of fat absorption (CFA), studies
are being conducted that aim to explore the
relationship between percent stool fat data and
CFA. The high stool fat data may not be that
surprising given that all infants have physiologi-
cal fat malabsorption early in life, with a CFA
>85% being normal for infants <6 months of age
and the normal value for patients above this age

Table IV. Bodyweight and body mass index measured before and
after study drug and standard therapy®

Variablo Slucly drug Standard therapy
{n=18) n=18)
Bodyweight (ko)
start of assessment 12.3+4.5° 12.2+4.6°
end of assessment 12.5+4.5% 12.3+4.5°
changa® 0.1+04 03404
BMI (kg/m?)
start of assessmant 16.4+1.4° 16.1+£1.5°
end of assessment 16.6+1.6% 16.4+1.4°
change® 0.310.6 05107

Values are expressed as mean+SD.
Measured at baseline.

Measured at screening.

Measured at end of trealment.

o oo o 0

Standard therapy duration {~21 days) was longer than study drug
duration (10-14 days).

BM! =body mass index.
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Table V., Summary of stoc! fat parcentage, fatintake and total calorie
intake measured during each separate 3-day assessment period®

Variable Study drug Standard thesapy
(n=18} {n=18)

Stool fat percentage 28,1199 27.9+8.9

Fat intake {g) 46.6£223 A7.7+26.4

Total calorie Intake (keal)  1239.71605.8 127207777

a Values are expressed as mean SD.

being 293%.% In addition, bodyweight was
maintained in this short-term study, suggesting
that use of both therapies results in enough ca-
loric absorption to allow the maintenance of
adequate nutritional status.

The safety and tolerability data from this
study are consistent with those reported in a ran-
domized study in patients with EPI due to CF
aged 6-36 months*!! and an open-label study of
patients with EPI due to CF aged <24 months;>%
however, both of these recently published studies
investigated other formulations of pancrelipase.
In terms of efficacy, these paediatric studies
reported on-treatment mean CFA values in
the range 77.8-84.7%.7%21 However, these on-
treatment mean CFA values are not at the nor-
mal levels expected for the non-CF population®!!
and provide support for the recommendations
for increased caloric requirements in the CF pop-
ulation. A recent open-label study?? of a differ-
ent potcine-derived PERT product, EUR-1608
(Zenpep™, Eurand SpA, Milan, Italy), in chil-
dren aged <7 years with EPI due to CF showed a
similar safety and tolerability profile to that ob-
served in the current study. In addition, 11 out of
19 patients (58%) analysed in the aforementioned
study by Wooldridge et al.’?) had no steator-
rhoea or signs and symptoms of malabsorption
when treated with PERT. Although the efficacy
measures in that study were different, the con-
clusions drawn from it and the current study are
similar and it is likely that the results are valid.
However, a number of patients (8/19) in the study
by Wooldridge et al.’ still showed symptoms of
EPI with PERT treatment. Based on clinical ex-
perience, some patients will not have resolution
of significant steatorrhoea despite optimization
of currently available PERT and acid-reducing

~ agents.5334 Thus, there is a need for some people

" ©9010 Adis Data Information BY. All ighls reserved.

with CF who are adherent to diet recommend-
ations to receive enteral nutritional supple-
mentation, and a limited number will have low
weight gain despite this support. Therefore, an-
other possible reason for the refatively high stool
fat may be imperfections in currently available
therapy. '

This was an exploratory open-label design
study and the small sample size limits definitive
conclusions. However, given the similar efficacy
results for standard therapy and the study drug, it
is likely there is not a large difference between the
treatments. From a safety perspective, the sample
size was too small to show any differences given
the known favourable safety profile of PERT;
this would probably be true even if the study had
a randomized placebo-controlled design. Never-
theless, we believe these results are applicable to
the wider paediatric CF population, particularly
given the long history of use of these products in
this population with beneficial results.

Conclusion

In this study, compared with standard therapy,
the new formulation of pancrelipase delayed-
release capsules had a similar safety and toler-
ability profile, was clinically comparable in terms
of control of fat malabsorption and clinical
symptoms, and was as easy to dose accurately in

CF patients with EPI aged <7 years.
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ABSTRACT

Background: Pancreatic cnzyme replacement thera-
py (PERT) is essential for maintaining adequate nutri-
tion in children with exocrine pancreatic insufficien-
¢y (EPI) due to cystic fibrosis (CF). The US Food and
Drug Administration regulations now require all
PERT products to undergo clinical efficacy and safety
studies before they can be considered for marketing
approval,

Objective: This study was conducted to compare
the efficacy of a new formulation of pancrelipase
(pancreatin) delayed-release 12,000-lipase unit cap-
sules with placebo in children with EPI due to CE

Methods: This was a multicenter, randomized,
double-blind, placebo-controlled, 2-period crossover,
superiority study of the new formulation of pancre-
lipase delayed-release 12,000-lipase unit capsules in
children aged 7 to 11 years with CF and EPL In each
period, pancrelipase or identical placebo capsules were
taken for § days. The primary outcome measure was
the coefficient of fat absorption (CFA); secondary
outcome measures were the coefficient of nitrogen
absorption (CNA} and clinical symptoms. The latter
were assessed based on patient-reported daily stool
frequency, stool consistency (hard, formed/normal,
soft, or watery), flatulence (none, mild, moderate, or
severe), and abdominal pain {none, mild, moderate, or
severe). Safety measures included vital signs, physical

examinations, standard laboratory safety tests {hema-
tology and biochemistry}, and adverse events.
Results: Seventeen patients were randomized to
treatment and 16 completed the study; 1 patient with-
drew consent during the first treatment period and
was not included in the efficacy analysis. Patients’
median age was 8.0 years (range, 7-11 years); 12 pa-
tients (70.6%) were male, CFA values were signifi-
cantly greater for pancrelipase compared with placebo,
with least squares mean {SE) values of 82.8% (2.7%)
and 47.4% (2.7%), respectively (P < 0.001). The re-
sults were similar for CNA, with mean values of
80.3% (3.2%) and 45.0% (3.2%) (P < 0.001).
Pancrelipase treatment had significantly greater ef-
fects on CFA and CNA in patients with a placebo CFA
£50% than in those with a placebo CFA >50% (both
parameters, P < 0.001 and P = 0.008, respectively).
Significant improvements in stool fat, weight, and ni-

_trogen and a significant reduction in daily stool fre-

quency were observed with pancrelipase compared

“These data were presented in par at the 23rd Annual North Ameri-
can Cystic Fibrosis Conference; October 15-17, 2009; Minneapolis,
Minnesota.
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with placebo (all, P < 0.001}. Symptoms of EPI were
Jess severe and remained relatively stable during pan-
crelipase treatment, but worsened slightly during re-
ceipt of placebo, Treatment-cmergent adverse events
were reported in 5 patients (29.4%} during receipt of
pancrelipase and in 9 patients (56.3%) during re-
ceipt of placebo; these were predominantly gastro-
intestinal events. There were no discontinuations due
to treatment-emergent adverse events and no serious
adverse cvents.

Conclusions: In this study in children with EPI due
to CE, the new formulation of pancrelipase delayed-
release capsules was associated with improvements in
CFA, CNA, stool properties, and EPI symptoms com-
pared with placebo. Pancrelipase delayed-release cap-
sules appeared to be well tolerated. Clinical'Trials.gov
identifier: NCT00690820. (Clin Ther, 2010;32:89-
103) © 2010 Excerpta Medica Inc.

Key words: coefficient of fat absorption, pancreatic
enzyme replacement therapy, pancrelipase, pediatric,
cystic fibrosis, exocrine pancreatic insufficiency.

INTRODUCTION

Exocrine pancreatic insufficiency {EPS) is defined as
the lack of digestive enzymes secreted by the pancreas
in association with diseases such as cystic fibrosis
(CF)!-3 and chronic pancreatitis.+5 EPI leads to mal-
digestion, with resultant malabsorption of fat, protein,
and fat-soluble vitamins, and ultimately to malnutri-
tion.3 CF is the most common life-shortening genetic
disease in white individuals,” affecting epithelial se-
cretory tissues and resulting in pancreatic and putmo-
nary dysfunction.! Approximately 85% of persons
diagnosed with CF also have EPL3? and the symp-
toms frequently begin in newborns and increase
throughout infancy.!?

Approximately 90% of patients with EPI due to
CF are treated with pancreatic enzyme replacement
therapy (PERT) to maintain adequate nutrition. ! If
EPI is left untreated, the subsequent malnutrition
and debilitating symptoms (eg, steatorrhea, abdomi-
nal pain) may lead to poor growth, poor weight gain,
and failure to thrive in children with CE? PERT is
particularly important for supporting nutrition, with
the goal of achieving normal patterns of growth
and development in children of all ages with EPI due
to CF, and the maintenance of normal weight in

adults.)2 Nutrition and lung function are closely linked
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in CF; poor nutrition as a resuit of EPI leads to re-
duced height and weight, which in turn leads to re-
duced lung function and, ultimately, an increase in
mortality risk.131* Well-nourished children are likely
to exhibit more normal growth status, which is as-
sociated with better pulmonary function and im-
proved outcomes.t? :

The efficacy and safety profile of PERT in patients
with EP! has been evaluated in double-blind, placebo-
and active-controlled studies, as well as in open-label
studies.15-21 Pancrelipase {pancreatin) delayed-release
capsules, US Pharmacopeia,* have becn used for
20 years to provide essential PERT for maldigestion
due to EPL .

Since 2004, US Food and Drug Administration
(FDA) regulations have required clinical efficacy and
safety studies for the approval of all PERT products.??
A new formulation of pancrelipase delayed-release
capsulest has recently been approved by the FDA for
the treatment of patients of all ages with EP1 due to
CF or other conditions. Approval of this formulation
was based on a randomized, double-blind, placebo-
controlled crossover study, which found that the new
pancrefipase delayed-release 24,000-lipase unit cap-
sules were superiot to placebo in improving fat diges-
tion in patients aged 212 years with EPI due to CE23
"The pancrelipase capsule was associated with signifi-
cantly higher coefficient of fat absorption {CFA) and
coefficient of nitrogen absorption (CNA) values com-
pared with placebo (CFA: 88.6 vs 49.6, respectively
[P < 0.001]; CNA: 85.1vs 49.9 [P < 0.001]). Clinical
symptoms were decreased, and the formulation was
well tolerated.

Two studies of the new formulation of pancrelipase
in pediatric populations have recently been completed.
This paper reports on one of them—a double-blind,
placebo-controlled study of the efficacy and tolerability
of the new pancrelipase delayed-release 12,000-lipase
unit capsules in patients aged 7 to 11 years with EPT due
to CE Based on information in the manufacturer’s
clinical study database and the published literature,
this is the first published study of the new formulation
in children aged <12 years.

*Trademark: CREON® 5, 10, and 20 capsules (Solvay
Pharmaceuticals, Inc., Marietta, Georgia).

tTrademark: CREON® 6000~, 12,000-, and 24,000-lipase
unit capsules {(Solvay Pharmaceuticals).




PATIENTS AND METHODS
Study Design

This was a multicenter, randomized, double-blind,
placebo-controlled, 2-period crossover, superiority
study in children with CF and EPL The aim was to test
the nult hypothesis of no difference in the mean change
from baseline in CFA berween the new formulation
of pancrelipase delayed-release 12,000-lipase unit cap-
sules and placebo in patients with EPI due to CE

The study was conducted at 10 centers across the
United States between June 13, 2008, and December 1,
2008, It was conducted in compliance with the Good
Clinical Practice guidelines and applicable national
regulations.?*27 The study was approved by the ap-
propriate institutional review board/independent eth-
ics committee for each site. Written informed consent
was obtained from a parent or legally acceptable
representative and informed assent was obtained
from all patients before performance of any study-
related procedures.

Patients

The study enrolled patients aged 7 to 11 years who
had a confirmed diagnosis of CF and EPL A confirmed
diagnosis of CF was defined by the presence of clinical
symptoms consistent with CF in addition to 2 positive
sweat tests andfor 2 disease-causing mutations de-
tected on CF transmembrane conductance regulator
genc analysis. A confirmed diagnosis of EPI was de-
fined as a CFA <70% without pancreatic enzyme
supplementation or as human fecal elastase <50 pele
stool, either measured within the past 12 months.

Patients must have been receiving treatment with a
commercially available PERT product at a stable dose
for »3 months. They had to be in clinically stable con-
dition, without evidence of acute respiratory disease,
for at least 1 nonth before enroliment. In addition,

only patients with a stable body weight {defined as a

decline of no more than 5% within 3 months of en-
rollment) were included. Patients had to be able to
swallow capsules and to consume a standardized diet
designed to provide sufficient fat to require a mini-
mum of 12,000 lipase units of pancreatic enzyme
supplementation per meal.

Patients were excluded if they had severe medical
conditions that might limit participation in or comple-
tion of the study or if they had recently undergone
major surgery (excluding appendectomy). Additional
exclusions were a body mass index percentile for age
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of <10%; ileus or acute abdomen; malignancy of the
digestive iract (excluding pancreatic cancer); HIV; ce-
liac disease; Crohn’s disease; known allergy to pancre-
lipase {pancreatin) or the inactive ingredients in pan-
crelipase delayed-release capsules; or exposure to an
experimental drug within 30 days of the start of the
study.

No intake of any oral enzyme preparation other
than study medication was permitted during the 2 cross-
over treatment periods. Other concomitant medica-
tions prohibited during the crossover periods were
nutritional supplements containing medium-chain
triglycerides, narcotic analgesics, anttdiarrheals, anti-
spasmodics, and Jaxatives. Use of immunosuppressive
drugs, excluding systemic steroids, was also prohibit-
ed. Concomitant medication affecting duodenal pH,
acting on gastric emptying, or interfering with bile
secretion was permitted, as long as the medication
was commercially available and was prescribed at a
dose within the recommended range.

Patients did not pay for testing or study visits. They
reccived financial compensation for their time accord-
ing to local institutional review board regulations.

Study Treatment

Fach investigational site was supplied with blinded,
packaged study medication. The active-treatment and
placebo capsules were identical in appearance, shape,
smell, and taste, and were packaged in the proper
proportions to ensure the desired doses and mainte-
nance of blinding.

Patients received pancrelipase 12,000-lipase unit
capsules or identical placebo capsules. The number of
capsules to be consumed was calculated to provide a
target dose of 4000 lipase units/g of dietary fat intake,
according to the upper limit recommended in CF con-
sensus statements. %1228 For example, if the meal plan
included 94 g of fat daily, the number of capsules was
calentated as 94 x 4000 = 376,000 total lipase units,
divided by 12,000 = 31.3, or 31 capsules. To maintain
normal nutrition, each patient received an individual-
ized, prospectively designed diet containing 240% of
calories derived from fat. Patients requiring a diet of
2000 kealld would need ~90 g of fat per day. As long
as 240% of cach patient’s total calorie intake was
derived from fat, no minimum daily dietary fat re-
quirement was implemented.

Patients were evaluated for eligibility at visit 1 while
continuing their usual PERT. Usual PERT was then
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continued for up to 14 days while eligibility was con-
firmed. At visit 2, which took place on day 1 of the
first crossover period (baseling), patients were ran-
domized to 1 of 2 treatment sequences—pancrelipase
followed by placebo, or placebo followed by pancre-
lipase. Each treatment was taken for § days. Visit 3
took place at the end of the first crossover period (day 6
or 7) and included a physical examination, measure-
ment of vital signs, and safety assessments: This visit
was followed by a washout period of 3 to 14 days,
during which patients received their previous PERT.
Patients entered the second crossover period at visit 4.
The procedures and timing of this period were iden-
tical to those of the first crossover period. Visit 5
marked the end of the second period and included a
physical examination, measureiment of vital signs, and
safety assessments. A safety follow-up call was made
5 to 7 days after visit 5. During both crossover peri-
ods, patients stayed in a dedicated research facility,
such as a US National Institutes of Health-funded
General Clinical Research Center/Unit, and were al-
lowed to return home during washout periods.

The randomization scheme was generated by the
Global Clinical Supplies Office of Solvay Pharmaceu-
ticals B.V., Weesp, The Netherlands. Patients were
assigned o a treatment sequence via a centralized
electronic interactive voice response system (IVRS).
The IVRS was to be used if emergency unblinding
was required as a result of an adverse event (AE);
any attempt to unblind either treatment or patient
was recorded, and specific individuals within Solvay
Pharmaceuticals B.V. were notified of the attempt.
Before any treatment code could be broken, the in-
vestigators were to determine the potential relation-
ship between the AE and study treatment. A 24-hour
telephone number was available in case there was a
need for emergency unblinding of a treatment code
and the investigator had no access to the unblinding
procedures.

Efficacy Assessments

The primary efficacy outcome, CFA, was assessed
by analyzing stool samples. To ensure accurate collec-
tion of stools derived from a known dietary intake,
patients were administered two 250-mg doses of blue
food dye (FD&C Blue #2 indigo carmine) 72 hours
apart, marking the beginning and end of each stool
collection period {days 2 and § of each crossover pe-
riod). Stool collections were performed during each

crossover period, beginning after the appearance of
the first marker and ending with the stool containing
the second marker.

Dietary recording took place during each treatment
period. To accurately quantify the dietary intake of
the prospectively designed diet, site staff monitored
and maintained a record of patients’ daily dietary in-
take. Food intake was quantified by weight. In addi-
tion, site staff assessed patients’ gastrointestinal symp-
toms on every day of both crossover periods. Dietary
intake of fat, protein, and calories was quantified by
the site dietitian using food labels, the US Department
of Agriculture national nutrient database, and appro-
priate nutrient analysis software (cg, Food Processor
SQL version 10.0, Esha Research, Salem, Oregon).
Compliance with dosing was recorded by site staff at
cach meal, and enzyme doses werc recorded and
checked for accuracy.

The CFA was calculated based on fat intake and
excretion using the following equation: CFA (%) =
100 {Jgrams fat intake ~ grams fat excretion}/grams
fat intake). Stool fat was measured in the stool sam-
ples collected between the 2 dye markers in both
crossover periods. Total daily fat intake was deter-
mined according to cach patient’s dietary intake dur-
ing both 72-hour stool-collection periods. Stool fat
was determined by the gravimetric method.??

Secondary outcome measures included the CNA,
calculated using the following equation: CNA (%) =
100 (fgrams nitrogen intake — grams nitrogen- excre-
tion}/grams nitrogen intake). Stool nitrogen was as-
sessed according to the method described by Kjel-
dah!.30 Nitrogen intake was calculated based on the
protein intake recorded in patients’ dietary diaries
during the two 72-hout stool-collection periods and
evaluated using appropriate software,

Subanalyses were performed based on the severity
of placcbo EPL The CEA and CNA data were com-
pared in 2 subgroups: placebo CFA 250% and placebo
CFA >50%.

For the assessment of clinical symptoms, the inves-
tigators asked patients to provide the following infor-
mation: stool frequency {(number per day); mean stool
consistency (0 = hard, 1 = formedinormal, 2 = soft,
and 3 = watery); mean flatulence {0 = none, 1 = mild,
2 = moderate, and 3 = severe); and mean abdominal
pain (0 = none, 1 = mild, 2 = moderate, and 3 = se-
vere). The clinical global impression (CGI) of discase
symptoms was rated by the investigator at all study




visits using the following scale: 0 = none (symptoms
not present); 1 = mild (symptoms present but not
bothersome); 2 = moderate (symptoms bothersome);
3 = severe (symptoms interfered with normal activi-
ties; and 4 = incapacitating (symptoms prevented
patient from continuing with normal activities}.

Tolerability Assessments

Tolerability measures included vital signs, physical
examinations, laboratory safety tests, and AEs. Physi-
cal examinations were performed at screening and at
the end of each crossover period, Laboratory safety
tests were performed during screening, at the end of
the first crossover period, and at the beginning and
end of the second crossover period, These tests included
hematology (hemoglobin; hematocrit; red blood cell,
white blood cell, and platelet counts; and differential
blood count, if indicated) and biochemistry {ghtcose,
creatinine, alkaline phosphatase, total bilirubin, con-
jugated bilirubin, alanine aminotransferase, aspartate
aminotransferase, y-ghitamyltransferase, uric acid,
calcium, phosphate, and potassium). Urine pregnancy
tests were performed in females of childbearing poten-
tial. Laboratory analyses using standard procedures
were performed at Mayo Clinical Trial Services, Rach-
ester, Minnesota, The investigators evaluated the clini-
cal significance of laboratory values that were outside
the normal range {or abnormal).

AFs were monitored from screening through the
follow-up period. AEs were considered treatment
emergent (TEATs) if they began during treatment or if
preexisting AEs worsened during treatment. The causal
relationship between study drug and TEAEs was evalu-
ated by the investigators as unrelated, unlikely to be
related, possibly related, or probably related.

Statistical Methods

In this superiority study, a sample size of 16 was
determined to have 95% power to detect an effect size
of 1.0 using a paired ¢ test with a 2-sided level of sig-
nificance of 0.05. To account for dropouts, it was
planned to randomize 18 patients {9 per treatment
sequence).

All efficacy and tolerability variables were summa-
rized using standard descriptive methods. The primary
efficacy variable (CFA) was analyzed using ANOVA.
The model included sequence, period, and treatment
as fixved effects and patient-within-sequence as a ran-

dom effect. From this model, an estimate of the treat-

ment difference was derived, along with a2 95% CI
and P vatue for testing the null hypothesis Hy: 1ty = 1y,
where j; and p, denote the population mean CFA for
pancrelipase and placebo recipients, respectively, The
null hypothesis was that the mean CFA for both treat-
ment groups would be the same.

The primary analysis was performed -on the full
analysis sample, which included al randomized pa-
tients who received 21 dose of double-blind study
medication and for whom 21 postbaseline assessment
was available for any efficacy parameter. The safety
sample was used for analysis of the tolerability data.

All analysis data sets and statistical outputs were
produced using SAS version 8.2 or higher (SAS Insti-
tute Inc., Cary, North Carolina). Data werz assessed
graphically (box plots, normal probability plots, and
residual-by-predicted plots) to confirm normality.

RESULTS

Of the 23 patients who provided consent, 17 were ran-
domized to a treatment sequence (9 to pancrelipase
then placebo, 8 to placebo then pancrelipase). Sixteen
patients completed the study; 1 patient {pancrelipase/
placebo scquence) withdrew consent on day 2 of the
first treatment period {Figure 1), At screening, the
pancreatic elastase value for all patients was 7.5 ug/s
stool, with the exception of 1 patient, who had a pan-
creatic elastase value of 22 pglg stool, There was a
slight gender imbalance between treatment sequences,
with § males {55.6%) receiving pancrelipase/placebo
and 7 males {87.5%) receiving placebof/pancrelipase
{Table 1), There were no differences in any other de-
mographic variables between treatment sequences. Four
patients in the pancrelipase/placebo sequence took per-
mitted acid-suppressing medication (proton-pump
inhibitors [omeprazole, lansoprazole] or a histamine,-
receptor antagonist [ranitidine]) during the study. No
patients in the placebo/pancrelipase sequence took
acid-suppressing medication.

During pancrelipase treatment, the mean {SD} daily
lipase dose was 4472 (743) units/g of far consumed
(16,941 [3602] units/kg body weight). The mean
duration of exposure was 4.9 {0.8) days for pancreli-
pase and 5.1 (0.3} days for placebo. Adherence was
100% for both treatment sequences.

Efficacy
The Jeast squares (LS) mean {SE) CFA values for
pancrelipase and placebo were 82.8% (2.7%) and
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Provided consent

I —
Pancrelipase/placebo
(n-8)

Figure 1. Study design and patient disposition.

47.4% {2.7%}, respectively, for a treatment difference
of 35.4% (P < 0.001) (Table I). In the subgroup
analysis of CFA data by the severity of placebo EPI,
which is illustrated in Figure 2, the treatment differ-
ence was significantly greater in the subgroup with a
placebo CFA <50% (44.5% [2.4%]; P < 0.001) than
in the subgroup with a placebo CFA >50% {20.2%
[4.1%]1; P = 0.008) (Table IE). All patients in the sub-
group with a placebo CFA <50% had an increase in
CFA of 230% during pancrelipase treatment.

The results for the CNA were similar to those for
the CFA. The LS mean (SE) CNA values for pancre-
fipase and placebo were 80.3% (3.2%) and 45.0%

{3.2%) {P < 0.001), respectively, for a treatment dif-

] Randomized 1o
| treatment sequence
l {n=17; safety

'L population)

:

S —

. Pancrelipase* 1 First crossaver : Placebo
] {n-9) B period (5 days} t (n=8) :
i S— o
Washout
(3-14 days)

Second crossover
period (5 days)

Safety follow-up
{5-7 days)

Full analysis set

*One patient in the pancrelipase/placebo sequence withdrew
consent on day 2 of the first treacment period and was not included in the efficacy analysis.

P SN

Pancrelipase

~
| (=8

R

1
Placebo/pancrelipase i
{n~=8} |

S

~ ference of 35.3% (P < 0.001) {Table TM}. In the sub-

group analysis of CNA data by the severity of placebo

_EP, the treatment difference was significantly great-

er in the subgroup with a placebo CFA <50% (45.2%
[4.3%]; P < 0.001) than in the subgroup with a pla-
cebo CFA »50% (18.9% {3.8%); P = 0,008).

CFA and CNA data for individual patients are il-
lustrated in Figure 3. In general, the observed improve-
ments in CFA and CNA in individual patients were of
similar magnitude during pancrelipase treatment.

Although statistical significance was not tested, total
fat and nitrogen intake on days 3 to 5 of each cross-
over period were similar for pancrelipase and for
placebo. The mean (SD} fat intake was 338.3 {59.8} and




Table 1. Patient characteristics at baseline, by treat

included in the efficacy analysis.

ment sequence.*

Pancrelipase/Placebo

Variable n=9 (n=28) (N =17)
nge, median (angeyy 80 e T esewy  80(-11)
Sex, no. (%}

Male 5 {55.6) 7 (87.5) 12 (70.6)

Ferale 4 (44.4) 1(12.5) 5 (29.4)
White race, no. 9 8 17
CFA category during receipt of
placebo (n = 8 per group), no. (%)

£50% 5 (62.5) 5 (62.5) 10 (62.5)

>50% 3 (37.5) 3 (37.5) 6 (37.5)
Height, mean (SD), m 1.3 (0.1) 1.4 (0.1) 1.3 (0.1)
Weight, mean (SD), kg 281 (7.0) 32.0 (8.9) 30.0 (7.9)
BMI, mean (SD), kg/m’ 16.3 (2.4) 17.3(2.9) 16.8 (2.6)

CFA = coefficient of fat absorption; BMI = body mass index.
*QOne patient in the pancrelipase/placebo sequence withdrew consent on

Total

placebo/Pancrelipase

day 2 of the first treatment peried and was not

LS = least squares.
*Qne patient in the pancrelipase/placebo sequence wit
included in the efffcacy analysis.

[

346.6 (53.1) g, respectively, and the mean nitrogen
intake was 44.6 (20,2) and 45.3 {18.6) g.

All stool characteristics were significantly improved
and stool frequency was significantly reduced with
pancrelipase compared with placebo (all, P < 0.001)

[ .
Table It. Coefficient of fat absorption (CFA) results, by treatment and severity of exocrine pancreatic insuf-
ficiency (EP1).*
Treatment Difference
Pancrelipase Placebo (Pancrelipase — Placebo)
Variable {n = 16) (n=16) (n=16) P
CFA, %
LS mean (SE) 82.8 (2.7) 474 (2.7) 35.4 (3.8) <0.001
95% Cl 77.0-88.6 41.6-53.2 27.2-43.6 -
CFA by severity of EPI, %
Placebo CFA <50% n="1¢ n=10 n=10
LS mean (SE) 81.8 (1.7) 37.3 (1.7) 44.5 (2.4) <0.001
95% Ci 77.9-857 33.4-41.2 39.0-50.0 -
Placebo CFA »50% n==6 n=6 n==6
LS mean (SE} 84.5(2.9) 64.3 (2.9) 20.2 (4.1) 0.008
95% CI 76.5-92.5 55.3-72.3 8.9-31.6 -

— e —

hdrew consent on day 2 of the first treatment period and was not

{Table 1V). The symptoms of EP! (abdominal pain,

_ - ——

flatulence, and stool consistency) were less severe dur-
ing receipt of pancrelipase compared with placebo.
Patients’ symptoms remained relatively stable during
pancrelipase treatment, whereas they worsened slight-
ly during receipt of placebo {Figure 4). Investigators’
CGJ assessments reflected stabilization of the congi-
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Figure 2. Individual patient data for the treatment difference (pancrelipase — placebo) in coefficient of fat
absorption (CFA), by severity of exocrine pancreatic insufficiency {placebo CFA <50% or »>50%). The
dotied line indicates a 30% treatment difference in CFA.

Table ill. Coefficient of nitrogen absorption (CNA) results, by treatment and severity of exocrine pancreatic
insufficiency (EPI).*

Pancrelipase Placebo (Pancrelipase - Placebo)
Variable (n = 16) {n=16) {n = 16) P
CNA, %
LS mean (SE) 80.3 (3.2) 45.0 (3.2) 35.3 (4.5) <0.001
95% C! 73.5-87.2 38.2-51.8 25.7-45.0 -
CNA by severity of EPI, %
Placebo CFA 250% n="10 n="10 n=10
LS mean (SE) 79.8 (3.1) 34.6 (3.1) 45.2 (4.3) <0.001
95% Cl 72.7-86.9 27.5-41.7 35.2-55.2 -
Placebo CFA >50% n==6 n=6 n==6
LS mean (SE) 81.2 (2.7) 62.3 (2.7) 18.9 (3.8) 0.008
95% Ci 73.7-88.7 54.8-69.8 8.3-29.5 -

LS = [east squares;
*QOne patient in the pancrelipase/placebo sequence withdrew consent on day 2 of the first treatment period and was not
included in the efficacy analysis.
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 Figure 3, Individual patient data for (A) coefficient of fat absorption {CFA) and (B) coefficient of nitrogen
absorption {CNA) with pancrelipase and placebo.
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Table V. Stool characteristics an

included in the efficacy analysis.

t11 = 12 (stool weight analyses not carried out in all patients).
§n = 10 {stool weight analyses not carried out in all patients).
=17

tion during pancrelipase treatment, with no meaning-
ful changes from the start to the end of the treatment
period; in contrast, symptoms were assessed as having
worsened during receipt of placebo {Figure 5}.

Tolerability

TEAEs (predominantly gastrointestinal events)
were reported in § patients {29.4%) during pancreli-
pase treatment and in 9 patients (56.3%) during re-
ceipt of placebo (Table V). As expected, gastrointesti-
nal TEAEs were more prevalent during receipt of
placebo (7 [43.8%]) than during receipt of pancreli-
pase (3 [17.6%]). No TEAEs were considered related
to pancrelipase treatment, whereas 4 patients (25.0%)
had TEAEs considered related to placebo {diarrhea,
flatulence, abdominal pain, frequent bowel move-
ments, weight decrcase, and rash). No patients discon-
tinued treatment due to a TEAE, and no serious TEAEs
were reported, No clinicaily relevant treatment differ
ences in laboratory parameters or vital signs were
noted.

DISCUSSION
The results of this study of the new formulation of
pancrelipase delayed-release 12,000-lipase unit cap-
sules in children aged 7 to 11 years suggest that the
new formulation was effective, with 8 favorable safety
profile. The primary outcome variable, CFA, was sig-
nificantly increased during receipt of pancrelipase treat-

d frequency.* Data are least squares mean {SE).

*Qne patient in the pancrelipase/p[acebo sequence withdrew consent on day 2 of the

l

- A — P 1
Treatment Difference ll

Pancrelipase Placebo {Pancrelipase - Placebo) !

Variablel (n=16) (n=16) {n =16} P |
Stool fat, g TTaaaqon) | 1829(100) T Taas A3 <0001 |
Stool weight, g 165.9 (27.8)} 4363 (33.3)5 2704 (43.4)5 <0.001 |
Stool nitrogen, g 8.0 (1.8) 24.0 (1.8) 159 (2.5) <0.001 Ll
Daily stool frequency 1.9 (0.2)1 3.4 (0.2} -1.5 (0.3} <0.000 |
. |

first treatment period and was not

t5toal fat, stool weight, and stool pitrogen were determined from staols obtained during the 72-hour collection period. |
Daily stool frequency was recorded in patienc diaries each evening during both crossover treatment periods. 1
!
i

ment compared with placebo (P < 0.001). These data
are consistent with the results of a similarly designed
study in patients aged >12 years?® The individual
CFA values obtained during the present study suggest
that patients generally responded to panceelipase
treatment. More severe disease, as manifested by a
placebo CFA <50%, was associated with greater im-
provements in CFA and CNA. Furthermore, fat and
nitrogen absorption (CFA and CNA) during receipt of
pancrelipasé in this study were generally comparable
to those reported for healthy adults (mean CFA,
93.5%; mean CNA, 88.1%).31

Results for the secondary oufcome measures also
indicated improvements with pancrelipase compared
with placebo. For example, absorption of nitrogen
{CNA}, a marker of protein absorption, was signifi-
cantly greater in patients during receipt of pancre-
lipase compared with placebo (P < 0.001). Ag was ob-
served for CFA, patients with more severe disease had
greater improvements in CNA while receiving pancre-
lipase. Mean stool fat, stool nitrogen, and stool weight
were significantly lower during pancrelipase treat-
ment compared with placebo (all, P < 0.001), whereas
daily fat and nitrogen intake appeared to be similar
for both pancrelipase and placebo {statistical signifi-
cance not tested). The mean stool frequency was sig-
nificantly reduced {by 1.5 stools per day) with pancre-
lipase compared with placebo {P < 0.001). Reduced

stool frequency, along with improvement in other -
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Figure 4 (continued). Effects of pancrelipase and placebo on clinical symptoms of exocrine pancreatic insuf-
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Table V. Treatment-emergent adverse events
{TEAEs), using Medical Dictionary for
Regulatory Activities (version 8.1) terms.
Data are number (%) of patients.

Pancrelipase Placebo

Variable {(n=17} (n=16}

Any TEAE 5(29.4) 9(56.3)

Serious TEAEs 0 0

Discontinuation due to

TEAEs 0 0

Severe TEAEs 0 0

Treatment-related TEAEs o 4 (25.0)

Gastrointestinal disorders 3 (17.6) 7 (43.8)

Rectal discharge it 1(6.3}
Diarrhea 0 2 (12.5)
Increased fecal volume 0 1(6.3)
Flatulence 0 2(12.5)
Abdominal pain 1(5.9) 4(25.0)
Frequent bowel
movermnents 0 1 (6.3}
Nausea 0 1 (6.3}
Vomiting 2 (1.8} 0
Investigations 1(5.9y  2(12.5)
Blood glucose
increased 1(39) 1(6.3)
Weight decreased 0 1(6.3)
Nervous system disorders 2 (11.8} 1 (6.3)
Headache 2(11.8) 0
Dizziness 0 1(6.3)
Skin and subcutaneous
tissue disorders 1(5.9) 3(18.8)
Cold sweat 0 1 (6.3}
Rash 0 1(6.3)
Rash, macular 0 1(6.3)
Urticaria 1(3.9) 0

stool and symptom measures, may have a positive ef-
fect on quality of life, although this was not evaluated
in the present study.

From days 1 through 5 of bath crossover periods,
clinical symptoms (abdominal pain, stool consisten-
cy, and flatulence) remained stable with pancrelipase
and worsened slightly with placebo. When consider-
ing these results, it should be noted that some of the
younger children in this study may have had limited

. GRGraffetal..

ability to assess the intensity of their symptoms ac-
curately, Investigator-assessed CGI indicated wors-
ening with placebo and ne significant change with
pancrelipase.

Pancrelipase delayed-release capsules appeared to
be well tolerated in this study. There were no discon-
tinuations due to TEAEs, and the incidence of TEAESs
was lower during pancrelipase treatment compared
with placebo.

The mean CFA and CNA values for pancrelipase in
this study (82.8% and 80.3%, respectively) are com-
parable to those from previous clinical studies of
PERT in patients with CE For example, in the studies
of different pancrelipase formulations by Stern et al*!
(18 patients aged 7-18 years receiving pancrelipase)
and Colombo et at®2 {12 patients aged 1-24 months
receiving pancrelipase), the mean CFA values were
84.1% and 84.7%, respeciively. In a study of pancre-
lipase 24,000-lipase unit capsules {same formulation
as in the present trial) in patients aged 212 years (me-
dian age, 22 years), Trapnell et al?3 reported a CFA of
88.6% and a CNA of 85.1%. The slightly lower CFA
in the present study may be attributable to the high
amount of fat calories ingested by patients.

In this study in CF patients aged 7 to 11 years, the
treatment benefit in terms of the mean treatment
difference in CFA between pancrelipase and placebo
{35.4%; P < 0.001) was consistent with that reported
in other trials, The treatment difference was 31.6% in
the patients aged 7 to 18 years studied by Stern et al?!
{P < 0.001) and 39.0% in the older patients studied
by Trapnell et al?? {P < 0.001). Comparison of the
data from these studies suggests that treatment differ
ences are independent of age; however, it is not pos-
sible to draw any firm conclusions, given the limited
age range investigated in the present study.

Similar efficacy has also been reported for other
porcine-derived PERT products. For example, in a
placebo-controlled study of a different PERT formula-
tion in patients aged 8 to 36 years with CF, on-PERT
mean CFA and CNA values were 79.4% and 83.8%,
respectively.t? In a.prospective, randomized study of a
high-buffered PERT formulation in CF patients aged
12 to 28 years, the on-PERT mean CFA value was
$1.8%.1% In an open-label Phase I study of a nonpor-
cine, microbial-derived PERT product in patients with
CE the observed CFA and CNA values (69.7% and
74.6%, respectively) were lower than those in the
present study, as well as in other studies of porcine-
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derived PERT,15:18.21L23.32 qithough the greatest clini-
cal improvements were seen in those with baseline
CFA and CNA values <40%,16 consistent with obser-
vations in the present study.

The tolerability data from the present study are
consistent with previous studies of pancrelipase in
patients with CF In the present study, TEAEs occurred
in 29.4% of patients receiving pancrelipase and
56.3% of patients receiving placebo, and no serious
TEAEs were reported. A similar safety profile was
observed in other placeba-controlled studies, in which
the incidence of TEAEs was generally lower with pan-
crelipase than with placebo and there were no serious
treatment-related TEAEs.21:2%:33 Ag in previous stud-
ies, the majority of TEATs in this study were judged
unrelated to treatment and consistent with the under-
lying disease.

Although this study included only a small number
of patients, the sample size was deerned sufficient to
obtain clinically and statistically significant data re-
garding efficacy in this patient population. The main
limitation of this study was the restricted age range;
further studies are required to confirm the efficacy of
the new formulation of pancrelipase in the younger
population with CF A study investigating the new
formulation of pancrelipase in patients aged <7 years
was recently completed but has yer to be reported.
Although the low incidence of TEAEs in the present
study was encouraging, and previous clinical studies
and substantial clinical experience with pancrelipase
suggest a favorable safety profile in younger patients
with CF, a long-term study would be required to fully
evaloate AFs, clinical symptoms, and tolerability over
time. The short duration of the present study was
necessary owing to the inclusion of a placebo arm,

CONCLUSIONS

In these children aged 7 to 11 years with EPI due to
CF, the new formulation of pancrelipase delayed-
release 12,000-lipase umit capsules significantly im-
proved fat absorption, as measured by the CFA, com-
pared with placebo. The new formulation appeared to
be well tolerated.
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